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PREFACE 


errncdiate Chemistry is a text-book of elements of inorganic 
•ganic Chemistry for Intermtdiatey Pre-universiiy^ Higher Secondary^ 
Cambridge and Pre-professional , such as Pre-medical and Pre-engineerings 
. It fully covers the requirements of examinations of different 
sities and Boards. It is believed that the book would be 
^ aseful to the beginners as an introduction of the science of 

j- ^y- 

iJthe preset lation and general arrangement of the subject the 
has been largely guided by his experience as a tdheher of 
fttry for nearly three decades. In view of the continual advances 
Reaching of Chemistry, the presentation of the subject matter 
Jen very carefully brought into line with recent, practice as 
^^powible—the fundamentals have been very clearly explained 
jehorftistry ceases to be mechanical as was the hitherto mistaken 

1 . . 

' c significance of chemical^ equations has been thoroughly 
L. ^cd by the introduction of partial iqmtions in tlie book, 
lical problems have been carefully graded and many easier 
"IS have been incorporated. Select and up-to-date questions 
liversity i)apers have been added at the end o£ each chapter. 

ial emphasis has been laid throughout on the ajiplicd aspect 
'islry so that the students from the early years of its study may 
c science and not merely wear it. 

Yjifacturing processes have been described in the light c>9 
^counts available in our country. d 

iVncerc thanks arc due to numerous friends and teachciS for 
help in the preparation of the text. My thanks are also 
VIl|l Mahim Chandra Biswas, Manager, Prabartak Printing and 
; Ltd., and to Sri Sukomal Dutt, M. Com., for th^ir 
^ling co-operation in the quick production of the book^ 

i taice this opportunity of expressing my indebteoness to 
^ ^ Sarkar, D.Sc., F.N.I., Director, Technological Research 
Ecs, Indian Central Jute Committee for his helpful sympathy 
^advice. 

S. DUTTA 
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International Atomic Weights, 1954, 


Name 

S>mbol At. no. 

At.wt.* ' 

Name Symbol At. 110 . 

.\t. \vt.* 

Actinium 

Ac 

80 

227 

Molybd( niim 

Mo 

42 

95.9) 

^Aluminium 

A1 

13i^ 

26.98 

Neodymium 

Ncl 

()0 

144.27 
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Am 
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(213) 

ptunium 

Np 

93 

^237) 

Antimony 

Sb 
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Ni 
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Ru 
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Sm 
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Se 
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Er 
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Eu 

63 

152.0 

/Silit on 

Si 

14^ 

28.09 
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INTERMEDIATE CHEMISTRY 

Elements of Inorganic and Organic Chemistry 


INORGANIC CHEMISTRY 

I 

SCIENCE AND CHEMISTRY 

Science. — Science stands for the sum-total of human knowledge 
and it extends over the entire realm of nature. All natural plienomcna 
follow one another in an endless chain of cause and effect. Science 

attempts to seek a unity in the 
diversity of nature. It, 
therefore, aims at devising a 
model of the universe that will 
explain all that goes on in it, 
and will also predict its future 
behaviour. Science gathers facts 
hy observing events in the 
universe and by collecting results 
of experiments. Collected in 
books and in the minds of men, 
they make the knowledge of our 
civilisation, but not necessarily 
science. Science is an organised 
body of facts which have been 
interrelatcd"ahd generalised into 
a system. *' 

The study of science begins 
by collecting and comparing 
facts. When experiments and 
observations of the same kind 
yield similar results, it becomes 
possible to combine them together into general statements, called 
laws. Natural laws may either be discovered by the correlation 
of experimentally established facts or by making an intuitive guess 
at some general principles, as to the cause of natural phenomena. 
Such a speculation is called a hypothesis. A hypothesis must not 
only explain the known fads, i.e., it must be in conformity with 
the laws, but also predict the discovery of new facts. But when 
experiments fail to confirm its predictions, the hypothesis is rejected 



Antoine Laurent Lavoisier (1743-94) 
Fig. 1 
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and a new one framed and similarly tested. Tf the hypotliesi3^ 
survives llicse tests, it becomes a theory and makes an integral part 
of the fabric of natural science. A theory in its turn is put to similar 
tests of predictions and experimental verification. VVlicn every 
fresh finding confirms the theory and proves its truth to the hill and 
beyond all reasonable doubt, it is dignified by the name of a law ; 
but if found wanting, it must cither be discarded or modified. A 
scientific theory is always provisional, but none the less, it stimulates 
research. Sjiientilic discoveries are but tlic results of intensive search 
for new facts and laws, guided by the intelligent use of theories. 

Science is a coherent whole and touches all lumian interest. 
Natural science lias been conveniently divided into dilferent brandies 
for the purpose of study. Physics and Chcmislry biiloiig to the group 
of physical science which deals with matter and ejiergy without any 
reference to life. Botany and zoology^ on the other hajid, are dilfiTcnt 
branches of biological science whicli is concernctl with living things 
and phenomena relating to life process. (3tlicr notable departments 
of natural science are Astronomy^ Geology^ Geography^ Physiology^ and 

forth. 

® ^ * 

Chemistry. The term chemistry is derived from the word 

‘chemia’, the ancient name of Kgypt, which signified a ‘divine art’ 
that was highly developed and much practised in the country in the 
first fc^v centurifis of the Christian era. Clternistiy as a science is 
but a recent growth. The science of chemistry is the study of matter, its 
properties, composition, and the changes it undergoes, Tt is conciTucd 
not only with changes in the composition of matter, but also with 
the gain or loss of energy which accompanies the changes, and the 
natural laws wliicli govern these changes. 

“Th( aim of r>Lemislry is to separate the different substances that 
enter into the composition of bodies ; to examine each of them apart ; 
to discover tlieir properties and relations ; to decompose those very 
substances, if possible ; to compare them logctiicr and to combine 
them 'witii others ; to reunite them into one bodv as to produce the 
original compouml ^ ith all its properties ; or evcii to produce uew' 
compoLinde that never existed afnongst the works of nature.” 

'Hie chi<T departments of chemistry are three : (a) Physical 

chemistry, (b) Inorganic chemistry, and (c) Organic chemistry. 

Physical Chemistry, which takes note of the scientiflr laws and principles 
that govern transformations*of matter. Physical chemistry in its turn is stuclicd 
under dilferent headin.q[s, viz., thermochemisiry, eleclrochemislry, photochemlUry dealing 
with chemical reactions caused by radiation, nuclear chemistry, magneto chemistry^ and 
colloid chemiUry, etc. 

Inorganic C4hemistry, which is mainly concerned with mineral matter and 
deals with materials that do not contain carbon. Study of various minerals, metals 
and non-metals, acids, bases and salts, come under the scope of inorganic chemistry. 
Mineral Chemistry is a n important .section of inorganic chemistry. Gco-chemistry 
is another important section. 

Organic Chemistry, which is the chemistry of carbon compounds and mainly 
deals with products of plant and animal origin, viz., proteins, fats and oils, 

f 
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carbohydrates, alkaloids, hormones and vitamins, dyes, etc. ; each of the items forms 
an important branch of organic chemistry. Drugs are also studied under organic 
chemistry. Several simple carbon compounds like carbon dioxide, carbon disulphide, 
•etc., are however, treated in both organic and inorganic chemistry. Besides, there 
arc other ramifications of the science of chemistry. Biochemistry deals with the 
chemistry of living organisms ; a comparatively young science, it has made 
phenomenal strides in rcce.nt years. Vitamins and hormones which arc the two 
master keys to the life processes come under the realms of biochemistry. Antibiotics, 
and food and nutritional problems are also studied under this head. As an aid to 
medicine [pharmaceutical chemistrj^developed into a special branch from very 
.ancient times. Detection and estimation of chemical substances Vorm an integral 
part of the study of chemistry ; the branch of analytical chemistry fulfils this 
i'unclion. Applied chemistry is another very important special branch of chemistry, 
and is concerned with the chemistry and technique of the industrial processes. But 
for applied chemistry many of the cliemicals of everyday use would have remained 
mere test tube curiosities. Cement, glass and ceramics, fuels and furnaces, metals 
and alloys, acids and alkalis, fertilisers, dyes and drugs, paints and pigments, pulp 
and paper, plastics, pesticides, petroleum and fermentation chemicals, fibres, rubber, 
oils and fats, sugar, water-conditioning, explosives and abrasives arc some of 
the pointers in the ever-expanding front of chernical technology. High polymer 
•chemistry, i.e., chemistry of macromolcculcs, popularly called plastics, is 
another branch of chemistry which has lately come into prominence. Soil 
chemistry is also studied as a special branch. ^ 

Chemistry and the community. — ^The science of chemistry has 
contributed much to improve the life of men. Pottery, porcelain, 
paj)er, glass, cement, oils, petrol, paints, varnishes, dyes, plastics, 
fibres, drugs, metals, Alloys, etc., which now form the integral parts 
of modern life, arc the gifts of chemical science. Commonplace raw 
materials have been worked by chemists into many useful things of 
everyday life. Wood, for example, has been transformed into paper, 
sugar, artificial silk, mercerised cotton and celluloid. It is very 
often found that waste materials have been profitably utilised by 
chemists. Coaltar, for example, has been made to yield many brilliant 
dyes, potent drugs, durable plastics, sweet perfumes, nylon, and 
saccharin. 

New discoveries are always being made and the new applications 
of old discoveries found for the benefit of the jDcoplc. The wonder 
<lrugs penicillin^ chloromycelin and •streptomycin arc the rich harvests 
of unremitting chemical research. Sulpha drugs are well-known aids 
in medicine. Planned synthetic chemistry has lifted the veil of nature 
and has made new substances to order. Some of the milestones arc 
the syntlieses of indigo, camphor, cocaine, plant .pigments and the red 
colouring matter of blood. Synthetic rubbet and petrol arc produced 
in plenty. Chemistry applied is pelf and power acquired. The 
science of chemistry goes a great way to build a sound national 
economy by proper utilisation of natural resources of a country. It 
has undoubtedly considerably helped the community to shift 
from savagery to civilisation. Chemistry supplies the needs of our 
ever advancing civilisation. 

Chemistry has also greatly helped t|;ie development of other sciences 
such as physiology, geology and agriculture. Digestion of food .is a 
chemical change. Chemical knowledge has made the examination of 
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milk, soil and water possible. It has also helped the development oi 
fertilisers, insecticides, fungicides and germicides. Clicmistry also 
greatly help in the detection of crimes and revelation of frauds* 
Improper exploitation of chemical discoveries has often made much 
harm to people — adulteration of food and medicine by anti-social 
elements, and Iraudulent practice of replacement of genuine things by 
artificial imitations call for constant vigilance and expert chemical' 
knowledge. But its direct uses in life apart, its educative value is no* 
less important. The methods of chemistry help us to cultivate the 
scientific attitude of mind and discipline in life. 

Chemistry also plays a very vital role in war. High explosives 
incendiary bombs, rocket fuels, smoke screens and poison gases are 
some of the dreadful gifts of chemistry to the warring nations. Chemical 
warfare involving use of poison gases was started by the Germans 
in the last Great War with the release of 600,000 lbs. of chlorine along^ 
a 2-mile front against an unprotected enemy. Tear gases, also called 
lachrymators, powerful vesicants like mustard gas which causes serious, 
blisters on the skin, and such poison gases which injure tlie lungs or 
the eyes or cause sneezing, naust^a, and other j)hysical disabilities were 
freely used as weapons of chemical warfare. But the atom bomb, the 
monster babe of the second global war, beats all records of 
monostrosity ; its horrors beggar all dcscriptior*.s. It ( arried fire and 
destruction to Japan. Still deadlier hydrogen-bombs have been produced. 

Chemical power of a nation is an index of its military prowess* 
Exigencies of war have often led to great chemical discoveries. 
Chemistry is, however, l)y no means, a science of destruction and 
scourage to humanity. Whether a curse or blessijig, it depends upon 
the uses to which it is put. “Science in itself is ethically ueutial. It 
confers power, but for evil just as much as for good”. Many wonderful 
engineering fears, for example, have been performed with the heljy 
of high explosives — explosives arc the most iiowerful slaves that man 
has learned to employ. Atomic energy would prove a blessing to- 
mankind, if properly* harnessed and exploited to generate power. 
Atomic reactors have already been*put into action in many countries 

for the peaceful exploitation of power. 

• 

History of Ghemirstry. — The beginnings of chemistry arc lost in the mists 
of antiquity. No one can tell precisely when and how it began. But there is no 
doubt that the origin of chemistry lies in the technical arts and crafts of primitive- 
civilisations. The iioary civilisations of ancient Egypt, India, China, Sumer, Assyria 
and Babylonia — all made positive contributions to the science of chemistry. I’he 
art of painting and dyeing, the preparation of medicinal remedies and perfumes 
the manufacture of glass and porcelain, extraction of common metals like gold, silver, 
copper and iron for example, formed an important feature of even very piimitive- 
:ivilisation. Of all the early civilised people, the Egyptians were a practical race 
ind developed the art of chemistry greatly, and had great traditions in the working- 
)f metals and glass, and in the dyeing of fabrics. They were also past masters in 
he art of embalming. The Greek philosphers, on the other hand, who were no- 
>ractical chemists, made speculations as to the physical background of the universe, 
kiigtotlc’s (384-322 B.G.) theory of fbur elements, viz., fire, air, earth, and water* 
vhich represented but four fundamental qualities only, was one of the earliest attempts 
o explain the nature of matter. All substances were supposed to be made up of ai 
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primitive matter or prima materia which could produce different forms of matter 
when the four elements were impressed upon it. The different forms couhl, however, 
be transformed into one another by the proper working of the four elements. The 
igerm of tlie theory of transmutation of elements was, therefori', contained in the 
theory of four elements. Another (ireek school of thought, headed by Demokritos 
and Leukippos, speculated about the units of composition of matter, which we 
now call atoms. Speculations of comparable nature as to the structure of matter 
were also traceable in the writings of the ancient Indians. There sprang up, for 
example, in India, prior to Aristotle, a system of philosophy which assumed the 
■trxistenee of five elements viz., khiti (earth), apas (water), teja^ (lire), marul (air), and 
■h^oma (ether-space). The atomic theory was conceived very early Sn our land, much 
before the Christian era, by tlie Hindu philosopher Kanad. 

The vague metaphysical speculations of the ancients let alone, there arc three 
-distinct stages in the development of the science of chemistry ; they are the pcrifxis 
of (i) Alchemy up to the loth century, (ii) latrochemistry from the Ihlh century 
up to the middle of the 17th century, and (hi) Scientific chemistry when the 
study of chemistry was taken up lor its own sake. It is generally agreed that chemistry 
liad its origin in tlie ligyptain city of Alexandria which a great citadel of science 
and culture in the beginrn'ng of the Christian era. The fusion of the practical ideas 
the Egyptians and the j}hilosophical speculations of the (Wrecks gave birth to the 
jd(‘a of transmutation of elements, viz., the ^divine art"' of making gold, called 
Alchemy. Alchemy was a sort of admixture of science and religion, black magic, 
•>uperstition, and obscure mysticism. The alchemists laboured under the peculiar 
notion of transforming the base metals into gold tlirodgh the agency of the so-called 
philosopher’s stone for which they searched in vain. T’hc era of alchemy was 
marked by vigorous searches by the alchemists for the discovery of the philosopher’s 
stone and the universal solvent for transmutation of base metals into gold. 
Many fraudulent proce.sses*wcre described in alchemical literalurc for the falsification 
of precious metals. But their barren endeavours led to the invention of many 
(technique which we still use, viz., distillation, sublimation, digestion, and filtration, 
etc. 


So matters stood until the seventh century, when the Arabs overran Egypt and 
■the marlll^cripls on alchemy gradu<rlly passed into Arabia. Alchemy under the 
Arabs slowly percolated into Europe in the 12th and 13th centuries mostly through 
Spain which was then the confluence of the Arabic and European culture. I’hc 
names of Roger Bacon and the famous Arabian alchemist Geber stand out very 
pioniincnlly m this period. The Arabian alchemists taught tliat metals were 
■cornfiosed of mercury and sulphur. 'J'he practice of alchemy soon rose to a position 
•of importance in Europe. But with time it degenerated into a trickery and fell into 
■tlisrepute. Alchemy in India made parallel and independent developments under 
♦he Tantric school of thoughts in the 8th century. 'I’hc period of alclieiiiy ended 
with the closing of the IStli century. ^ * 

With the decline of alchemy, there arose the school of iatrochemists i.c., medical 
’ChemiitSy whose aim was to discover elixir of life which would cure all diseases and 
•confer pcipctual youth on man. The founder of this school w^as Paracelsus 
(1493-1541 A.D. ) who declared the preparation of medicine to be the only aim of 
chemistry. Chemistry was thus made a handmaid . to medicine. Paracelsus 
•expounded the theory that the real elements arc mercury, sulphur, and salL 
latrochemistry made phenomenal progress in ancient India. Vegetable remedies 
w'crc known to the ancient Indians even long before the Christian era. 
Charaka, Susruta, Vrinda, Chakrapani and JSfagarjuna w^erc the leading iatro-chemists 
•of our country. 

Renaissance in Europe in the sixteenth and seventeenth centuries gave birth 
to a new spirit of enquiry which gave impetus to the pursuit of science for its own 
5ake and not for making gold or medicine. The founder of modern science is Francis 
Bacon (15G I- 1626) who laid stress on the inductive method of studying science. 
His writings arc amongst the greatest contributions to human thought since the 
time of the Greeks. * 

The era of scientific chemistry began with Robert Boyle (fig. 2) (1627-91) who 
by clearly distinguishing elements ‘as things which cannot be decomposed farther’ 
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in his great book Sceptical Chymist (1661) overthrew the Aristotelian theory of 

four eleincnts which held the field ibr 
nearly two thousand yeais, and also^ 
successfully refuted the doctrine ol 
alchemical elements. The century 
after Boyle*s death saw the rise and 
fall of the famous but incorrect 
Theory of Phlogiston, elaborated by 
two (jcrinan scientists Becher and 
Stahl, which asserted that all com- 
bustion was but release of phlogiston. 
Calcination of metals into calx was 
supposed to be due to the escape ot 
phlogiston : 


Metal -phlogiston - -calx of metal. 


The calx, when treated with 
carbon which was regarded to he rich in 
I^hlogiston, gave hack the metal. The 
theory had therefore, the merit of 
explaining many facts of chemistry at 
that lime but it overlooked the 
obviems function of air in conibustion. 


Robeit Boyle (1627-91) 
Fig.* 2 


Towards the latter part of the 
eighteenth century our knowh'dge: of 
chemical substanct's was largely exten- 
ded. TTic ihost notable discovery of 
the time was the gaseous clement 
oxygen. It was independently discovered by the Sw(‘dish pharmacist Schecle and 
the English clergyman Priestley and by a curious coincidence in the same year 
1774, At about the same time Cavendish carried out his famous resf'archcs on 
the composition of water. But coiitirinod believers in phlogiston, they could hardly 
realise the importance of their great discoveiics. 


Towards the end of the eighteenth century the French savant (fig. 1) Antoine 
Laurent Lavoisier (1743-94) set himself to the discovery of the cause of calcination 
of metals, and was quick in realising the importance of the discove ry of oxygen in 
his unfinished work. The convincing experiments of I.avoisicr proved beyond 
doubt that the calcination of metals was due to the absorption of oxygen from air 
which made llie calx heavier. The loss of phlogiston would have maile the body 
lighter after calcination, which was not a fact. T’his led to the overthrow of the 
theory of phlogiston. Norib the less, the ^Jiscredited and abandoned theory held 
sway over the /contemporary leading chemists for a long lime, the overwhelming 
evidence to the contrary notwithstanding. Lavoisier also introduced the use of 
balance in the domain of /chemistry and with its help discovered in the year 1 774 
the principle of indestructibility of matter which is the very basis of modern chemistry. 
He is therefore, very rigRtly called the maker of modern chemistry and it is often 
claimed that 'chemistry is a ^renef^ science and its founder is Lavoisier of immortal fame.' 

The next landmark in the evolution of chemistry was the publication of the atomic 
theory by John Dalton in the year 1803. The discovery of the law of gaseous- 
volumes by Gay Lussac in 1808 led to a direct conflict with Dalton’s atomic theory, 
which resulted in the enunciation of the famous hypothesis by the Italian scientist 
Avogadro in the year 1811 ; this is referred to as Avogadro’s hypothesis. The 
hypothesis was unfortunately left unappreciated till 1856 when Cannizzaro, a pupil 
and a countryman of Avogadro made it an indispensable guide in the subsequent 
development of chemistry. Shortly after the announcement of the atomic iheoiy 
the famous Swedish chemist Berzelius to whom was due the present system of chemical 
symbols, set out to obtain the first tabl» of atomic weights of elernenls. This was a 
busy period of determining the atomic weights which was given a further stimulus, 
by the publication of Prout’a hypothesis in 1815 that ‘the atomic weights of elements 
are the whole multiples of that of hydrogen.* This attractive hypothesis, though 
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disproved by the classical investigations of the Belgian chemist Stas (1813-91), gave 
poweilul slimulus to experimenud rcsearcln s. 'I'be publication of the ‘periodic 
table of eleincTils’ by the celebrated Russian chemist Mentleleef (1834-1907) in 
1809 led to renewed cxperhncntal activities in the domain of Jicmistry. FinaUy, 
the determination t>f the atomic weights by 4’. \\. RiciiAkJ)S (1887-1928) on whom 
the mantle of Stas had fallen, was nniversr.lly regar(l<‘d as the masterpieces of 
experiinental work in the degree of precision and accuracy in cla«!slcal cheinisHy in 
recent times. 

As early as 1807 Sir Humphry Davy svhose name is gratefully remcmlxTrd 
for the invention of the safety lamp, applied galvanic current in tlw^ is?:iatif‘n of ail ah 
metals, iherebv introducing a new technique in chemistry. 4‘he fruitful discoveries 
of the I'dvrs of c*lcelrolysis by iVlicafAUL Faraday in 1832 and tlic law of conservation 
of ejK'rgy by Roukr t Mryer in 1842, the enunciation of the Kinetic Theory of gasc's 
by Cr.Vfisirrs, AIaxwkll and others, and the inv^csligations on colloids by Graham, 
and on solutions by Racjult and Arrhenius (1859-1928^ were undoubtedly 
contributions of imiiaralled importance in theoiclical chemistry in the nineteenth 
century. 

Orgainic chemistry also made steady and phenomenal progress since 1828 — the 
year Wohler disproved the ‘theory of vital force’ by the synthesis of urea from purely 
inorganic materials. The development in Organic Chemistry was mainly due to 
thf; ellbi ts of Liebig, Kekule, Emil Fischer, Van*t Hoff and many others of 
scarcely Jess celebrity. » ' 

Towards the end of the nineteenth century the rare gases of the atmosphere were 
discoverexl by Lord Rayleigh, Sir William Ramsay and Travers. 

'rhe discov(‘ry of tlu! phenomenon of radioactivity and the iradioaclive elements 
in 1898 mainly due to the genius and superhuniau efforts of Madame Curie 
(1867-1934), created a world-wide interest in the prcscmt cenlury"-an ci>ochal discovery 
that was destined to lead to a revolution iu scientific thought in the twentieth century. 
Researches on radioactivity and X-rays, coupled with the earlier works on the 
conduction of electricity through gases, led to the structure of matter by Sir J. J, 
Thomson, Lord Rutherford, Niels Bohr, and many other distinguished scientists. 
'Fhe signilieaiK C of atomic number and its bearing on the structure of atoms was 
first grasped by Moseley iu the year 1913, and in the same year the isotopes of elements 
were disrovered by Soddy. 'Flic electronic theory of valency, developed by 
Lanomuir, Llwis and Kossel, largely explained the cause of many chemical changes 
in a very convincing manner. Wiih the cdiicid alien of the structure of atoms the 
Tran'sMutation of elements — the dream of the alchemists — has become a reality 
mainly due to the pioneer works of the celebrated scientists Rutherford, Chadwick, 
Lawrence, and Irene Curie, daiiglUer of the discoverer^s of radium, and many 
others equally famous. Other discovcricsi of outstanding importance within fhe 
last few years have been the nuclear units, neutron and positron, by ChlADWiCK and 
Anderson respectively in the year 1932. Heavy water, and heavy hydrogen, also 
called donieriuiii, were discovered by Urey in the same vear. > But of all the discoveries 
the fission of uranium with the release of unbelievable amount of energy is 
undoubtedly the most unique in the present century. The discovery of transuranic 
elements by Seaborg el al in recent years has greatly >Aidencd the boundaries of in- 
organic cliemistry. 


Exercises 

1. What is chemistry ? Discuss its scope, and impact on civilisation. 

2. Trace the development of science of chemistry. 

3. Write an essay on : “whether the .science of cheristry is a blessing or a ^urse 

for humanity depends on the use to which it is put.” Punjab Inter*, *31. 
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II 

FUNDAMENTAL CONCEPTS 

Matter. — Our active existence consists largely of our relations with 
an infiriitc variety of things around u.s. As we look about, we come 
across many ^dyects which form the external world aroimd us, differing 
from each other in size, shape, colour, and such other properties as 
can be perceived by one or more of our senses — touch, sight, hearing, smell 
and taste. Any one object does not usually affect all our senses, but 
we see and feel most tilings. Substances that are invisible may be 
felt or smelt ; the poisonous sewer gas, for examine, may lie perceived 
through the sense of smell ; we feel llie presenc e of air whoa the wand 
blows. In general \ve become aware of the existence of a substance 
by the sense impressions it produces in our minds. Each kind of 
substance, therefore, dial Ci^mes to our ^en.ses in our cvea-yday cxi)erience, 
J)C it common or rare, useful or useless, is included in' the general 
term matte r. fflie different kinds of matter that compose tlic universe 
are termed maicrials. Each material body has its own distinguishing 
characteristics, otherwise called its proptrtics^ by which it can be 
recognised or identified and separated from c#ihcr materials. Sugar 
is one material, iron is another, glass anotluT. One may identify 
a w'hitc substance as sugar, if it is swecT. Sweetness is one of the 
properties of sugar. Iron has the property of rusting in moist air ; 
glass the prop('.rli<‘s of brittleiu'ss and transparency. U'liesc differences 
in essential properties are due to the fact that suhsfance.s may differ in 
composition. Differc'iice in composition of various kinds of matter 
gives rise to difference in properties. Sugar and salt are two materials 
of diflorcut composition and hence they differ in many of their 
properties. Tlicse dilfercncc^s exist, quite a]>art frcmi any particular 
size or shape of the materials. A lump of sugar and powdered sugar 
are but two different forms of die same material. To alter its 
swoelncss, it must W traiisformccl into something else which is not 
sugar, i.c., into a cliffcrcut substance. 

A substance rctahis its specific properties so long as its composition 
remains die same.* Various matcnial substances may differ in their 
essential properties, ’but all of them occupy some space and possess 
some and wliat is called inertia by virtue of which a substance 

requires rs force to set it in motion, and it already in motion, to alter 
the motion. Air, earth, water, rock, wwd, glass and iron arc a few 
familiar forms of matter. 

Matter possesses mass {which we measure by weight) and inertia, occupies 
space and may be perceived through one or more of our sensds. 

Three States of Matter. — Matter may exist in three states, 
gas,. liquid and solid. Matter in the gaseous state possesses the property 
of tyiing completely and uniformly any available space. A gas is 
characterised by its lack of definite shape or volume. It assumes the 



FL’NDAMENTAL CONCEPTS 


9 


shape of the conlaiuiiig vessel which it fills completely and to a uniform 
density. Hydrogen, oxygen, nitrogen, and carbon dioxid<^ are 
examples of gaseous substances. Matter in the liquid state possesses 
no shape of its own ; it lakes the shape of the vessel in which it is 
contaimxl, but it does always retain a definite volume. Oil, water, 
alcohol, milk, mercury and petrol arc liquid substcinccs. Solids are 
distinguished by having sufficient rigidity to maintain a definite 
shape. A substance in the solid state has got a dcliniic shape and size 
of its own. A piece of wood will always have tlic same shape and 
will always occupy the same space. 

It must be observed that the same substance may exist in any one of three states 
of matter ; ice, water, and steam, for example, arc all the same thing so far as the 
kind of matter is concerned but their physical states are different. With ordinary 
conditions of temperature and pressure a substance exists in one state only, solid, 
or liquid, or gas. But a substance may pass from one physical state to another by 
controlling such factors, as tempcralurt! and pressure. All gase^s can be liquified 
and all liquids solidilied under a high pressure and a low temperature. Clarbon 
dioxide is normally gaseous, but at a low temperature and a comparatively high 
pressure it becomes a liiiuid, and at a still lower temperature it becomes a solid, 
po]>nlaiiy known as dry ice# When a solid is heated, its temperature gradually 
rises until at a given temperature the solid is converted into a liquid — this temperature 
which is characteristic for a given solid, is known as the melting point or the fusion 
point of the solid. Such a process of converting a soup into a uqoid by heat is 
called FUSION and the reverse process of converting a liquid hito a solid by cooling 
is known as frluzing. 'I'he freezing point of a pure liquid is the s«irac as the melting 
point of the solid obtained from it by cooling, lee melts at O'Cl and tin at 232‘'G. 
It does not, however, follow that any and every solid can be transformed into a liquid 
by hr at ; wood, for example, does not liquefy but burns on heating. 

When a liquid is heated, its temperature gradually rises up to a definite point 
called tlie boiling point of the liquid, when along with the formation of bubble 
inside it, the liquid begins to vaporise briskly, 'i’herc is a rapid vaporisation 
throughout the mass of the liquid during boiling. Vaporisation is, thus, the process 
of converting a liquid into the vapour state, and the reverse process of converting 
the vapours into tlie liquiil slate by cold is known as condensation. A pure liquid 
lias a cliaracteristic boiling jjoint ; pure water boils at lOO'^C under a pressure of one 
atmosphere ; mercury boils at 356,95°C. 

Heat Ilcat^ 

Solid liquid ; gas 

Cool Cool 

Physical and Chemical changes. — Constant changes seem to be 
inevitable law of nature. Matter undergoes two kinds of changes. 
Many changes take place which do not affect the composition of a 
substance ; these are reterred to as physical changes. A change that 
affects the composition of a suljstance is known as a chemical change. 

Illustrations : (i) A lump of sugar, if broken to pieces, still 

remains sugar ; the powdery sugar tastes as sweet. But when strongly 
heated, it loses its colour and sweetness and chars into a black mass 
which is not sugar, i.c., the composition of sugar has been altered. 
Sugar is said to undergo a physical change in the first instance and a 
chemical change in the second ease. When sugar dissolves in water, 
it undergoes a physical change, since it is not chemically changed in 
being dissolved. It retains its sweetness even in solution. The whole 
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amount of sugar may be recovered, unchanged in mass and 
composition, on evaporating the solution to dryness. 

(ii) On dropping a few crystals of iodine in a heated flask, the 
latter is filled with violet vapours of iodine ; lliis is a i)]iyi.ieal change. 

(iii) When a piece of iron rush in moist air, it becomes a reddish 
brown powder, liming rusting iron has com!)incd with the ox>gcu of 
air, forming X new substance, called in^n oxide, whicli is the rust. 
Iron+oxygm --iron oxide (rust). This is a chemical change. 

(iv) When ;i piece of stf‘d is magnetised, its colour, ilensitv, tenacity, mass aiict 
the composition anfl lienee the cheinical })ropcrlies remain unaltered. 'I’his is a 
definite physical change, 't'lie change is easily reversed mi healing. 

(v) A piece of platinum becomes white-hot on heating and emits light, tt is. 
however, restored to the original state on cooling. 'This is another example of a 
physical change. 

(vi) When water is Iteated until it vaporises, it becomes steam. 
But the steam becomes water again on cooling, and hence it is the 
same substance as watcf. The vaporisation of water is a physical 
change. Again cooling freezes \vatcr into ice ; ice melts into water 
when heat is applied. Ice, water and steam arc but dilTorent forms 
of the same substcVice, and all of them have U\c same composition, 
and hence the same chemical pro])erlics. The transformations of 
water into ice and steam arc undoubtedly t)liy steal changes. 

(vii) When a piece of magnesium is burnt in air, it gives a liliriding 
wliitc liglit — the ash that is left is difftTcnt from the magnesium in its 
properties. Like magnesium, it does neither l)urn nor does it liberate 
hydrogen from dilute sulphuric acid. The ash weighs more than the 
magnesium that was burnt, since during combustion the latter lias 
combined with the oxygen of air producing lh(i ash which is 
magnesium oxide and is white in appearance. This cliangc lakes 
place with evolution of heat. This is a chemical cliangc. 

Magnesium +oxygen magnesium oxide. 

The white maq^nesium oxide when strongly hcat»'d in air, glows with a bright 
light. On cooling there no change in the substance. The glowing is a i>hysical 
change. ^ 

(viii) When a piece of clean copper wire (n)se-rcd in colour) is heated in a Bunsen 
flame, it colours the flame grcc^^. 'I’he heating is continued until it no longer gives 
any green colouration. It has now turned black due To its conversion into a new 
substance, called copper oxide. I’hi.^ is a chemical change. 

Copper -f- oxygen -- copper oxide (black). 

(ix) When water is sprayed on to a lump of quick lime, the latter crumbles to 
ywwdcr w'ith a hissing noise and evolving much heat. Quick lime has Ix'corne slakctl 
lime by combining with water. This is a chemical change. 

Quick lime + ^ater =-= slaked lime. 

(3j) Electrolysis of water.— When an electric current is passed 
through water, acidified with dilute sulphuric acid, it is decomposed 

f 
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into two new substances hydrogen and oxygen. Tliis is obviously a 
chemical change. Since water is a bad <^onductor of electricity, it is 
acidified with dilute sulphuric acid before 
electrolysis. TIic electrolysis is carried out in an 
apparatus, called a voltameter (fig. 3) ; it consists of 
three glass tubes— the central one carrying a funnel 
acts as a reservoir of water, and the two graduated 
tubes at the bottom of which arc fused two 
platinum foils arc the collecting vessels. 'Ihe 
voltamct(T is filled with the acidulated water 
through the funnel, and the two platinum foils 
arc connected to the negative and positive poles of 
a battery. On passing the electric current, l)iibblcs 
of gas rise from each electrode and collect into 
the two side tubes —the volume of tlie gas at the 
negative electrode, called the cathode, is twice 
that of the gas at tlie positive electrode, known 
aj^ the anode. 1 he gas liberated at the cathode, 
burns with a pale blue flame, and is knoWji as 
hydrogen ; the gas that is liberated at the anode, 
rekindles a glowing chip of w^ood, and is called 
oxygen. Thus, waLr is decomposed by electrolysis » 
into two volumes of hydrogen and one volume of oxygen, 

(xi) Decomposition of mercuric oxide. — When red oxide of mercury, 
also called mercuric oxide, is heated in a tost tube, the colour changes 
to black, but on cooling th(i red colour of the substance is restored. 
No change has occurred in the mercuric oxide itself ; this is a physical 
change. But when strongly heated tlie mercuric oxide breaks up 
into two new substances mercury and oxygen : 

Mercuric oxide = mercury + oxygen 

A shining mirror of mercury is deposited on the upper part of 
the tube. A glowing splint held at the mouth of Bic tube, is rekindled 
showing that a gas, called oxygen, is given off. This is A chemical 
change. 

(xii) When some potassium chlorate is heated in a t(^t tube, it melts and 
cfFervcsccs, and decomposes into oxygen and potassiurrt ckloride. 'fhe oxygen is 
given off, and the potassium chloride is left as a residue. This is a chemical 
change. 

Potassium chlorate — potassium chloride + oxygen 

(xiii) A few crystals of iodine are sprinkled on small pieces of white phosphorus 
taken on a sand-tray ; the phosphorus readily takes fire, and a chemical change 
occurs. 

(xiv) When pellets of mercuric thiocyanate arc ignited by the flame of a taper, 
they burn, swelling into a curious worm-like structure, the so-callcd Pharaoh’s 
Serpent. This is a chemical change. * 

Characteristics of physical and chemical changes. — Some of the lyain 
characteristics of physical and chemical changes are : 
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(i) A physical change alters only the physical properties of matter. Physical 
properties of matter include the familiar properties directly perceptible to our senses, 
such as colour, odour, taste, size, shape, etc. which may be observed without 
transformation into new substances. No new substance is produced in a physum 
change, 

A chemical change alters the specific chemical properties of a substance. The 
chemical properties of a substance are related to its capacity for being translormed 
into substances of other kinds. New substances with different properties are produced tn 
chemical changes, 

(ii) A phyfical change is usally temporary^ and can easily be reversed by 
appropriately altering the external conditions such as pressure and temperature; 
the chemical change, on tlie other hand, is permanent and cannot be easily 
reversed. 

(iii) The weight of a substance remains unaltered in a ph>^ical change ; 
the weight of a material usually alters when it is transformed into a new substance. 

(iv) A physical change is not usually accompanied by marked evolution or 
abso^tion of heat, except when the latent heat is absorbed in the change of state 
such^s niching and evaporation ; a chemical change, on the other hand is always 
attended with cither evolution or absorption of heat. 

^ The indestructibility of matter. — In 1774 the great Frenph 
savant Lavoisier put ftJrward the law of conservation of mass which 
forms the basis of all quantitative works in chemistry. Matter can 
undergo changes or what are called transformations from one form 
into another. But the law states that : • 

l^he mass of a system remains unaltered by any change that lakes place 
within it. In other words, matter can neither be created nor destroyed. 
There is tlicrefoic, no change in the total mass of matter when a chemical 
change occurs ^ i.e., the total mass of matter before the change is equal 
to the total mass of matter after the change. Hence, within limits 
of experimental error, the sum of the weights of the products must 
be equal to that of the weights of the reactants in a chemical reaction. 
In other words there can be no gain or loss of matter accompanying 
a chemical change. Thus, when a certain weight of mercuric oxide, 
say 15 grams, is completely decomposed by strong heat into mercury 
and oxygen, the total weight of mercury and oxygen must also be 
15 grams., • 


Mercuric oxide = mercury + oxygen 
wt. of mercuric oxide = wt. of mercury + wt. of oxygen. 

The above principle's usually referred to as the law of conservation 
of mass, or the law of indestructibility of matter, since the weight is 
proportional to mass, which measures the quantity of matter. 

niustrations : (i) Lavoisier’s experiment. — Lavoisier was the first to explain 
and establish the law of conservation of mass. In one of his experiments he heated 
a piece of tin in a sealed retort containing air, when a part of tin was calcined into 
its oxide. The apparatus was weighed before heating and was allowed to cool after 
heatii^ and weighed again. No change in weight was found proving that there was 
no loss or gain of matter during^ the calcination of tin which was a chemical 
change. , 

(Jji) Experiment.— Wh^n a piece of charcoal is ignited, it continues 

tnirwjg a^^finally disappears completely. This simple experiment suggests an 
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apparmt loss of matter. But this is actually not the case. The piece of charcoal 
unites with the atmospheric oxygen during burning, forming carbon-dioxide gas 
which passes into the atmosphere, and hcncc the 
apparent loss of matter. But if the weight of oxygen 
us^ up is taken into consideration, there would occur 
no loss or gain in weight as the charcoal burns — the 
sum of the weights of charcoal and oxygen would be 
found to be equal to the weight of carbon dioxide 
formed. 

The following experiment on combustion of charcoal 
clearly demonstrates it. A piece of charcoal is burnt 
in oxygen in a closed space so that no material 
can escape. A round-bottom flask (fig. 4) is provided 
with a tightly fitting rubber-stopper, through which 
pass two copper wires. One of the wires carries 
a spoon on which a piece of charcoal rests. A 
platinum wire, touching the charcoal, joins the two 
copper wires. The flask is filled with oxygen — the 
tubes A and B arc meant for filling the flask with oxygen, 
and then carefully weighed in a balance. The two 
copper wires arc then connected to the two terminals 
of a battery, and an electric current is passed through 
thf platinum wire which becomes red hot and ignites the 
charcoal. The current is passed until the charcoal* 
disappears completely with the formation of carbon 
dioxide : 

Charcoal -f- oxygen carbon dio: 

The battery is then disconnected, and the flask is cooled and weighed again. The 
weight is found to be the same as before. Hence matter is neither created nor 
destroyed during the transformation of charcoal into carbon dioxide, 

(iii) Candle Experiment. — ^When a candle burns in air, it 
gradually disappears, leaving hardly anything. There is thus an 
apparent loss of matter. But actually the material of the candle which 
is wax, is not lost on combustion. It is changed into two gaseous 
substances, carbon dioxide and w^ater vapour, which escape into 
the atmosphere, and hence the apparent loss in weight. But it may 
be shown by tl\e candle experiment that the products of the change, 
the carbon dioxide and water vapour, weigh more than original 
candle itself, since a part of air, which is oxygen, is used up when 
the candle burns. If however, a jSroper balance sheet is, drawn up, 
it would be seen that the weights of materials used up on one side 
and those formed on the other do exactly blanee : 

Candle + oxygen = carbon dioxide + water vapour. 

In the candle experiment a small candle is placed 9n a perforated cork (to admit 
air) at the bottom of a glass chimney, the top of which is connected with a U-tube 
containing pieces of caustic potash in one limb and fused calcium chloride in the 
other. The chimney with the U-tube is carefully weighed in a balance. Then 
the U-tube is connected on the other side with an aspirator full of water (fig. 5). 
The candle is now lighted and quickly replaced, and the water is allowed to run 
out of the aspirator when air enters the ^imney through the perforations in the 
cork. The candle continues to burn in the draught of air caused by the suction in 
the aspirator. After a few minutes the tap of the aspirator is turned off and the 
candle goes out. The chimney with the U-tube^ is then cooled and weighed again. 
It is found that far from a loss of weight occurring when the candle bums there is 
actually an increase in weight. This increase tn weight is not, howev^, due to any 
creation of matter but due,, to the fact that the . matter which is the iliMdl^ instead 


\Li 
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of being destroyed during burning, has united with the oxygen of air to form carbon 



dioxide and water vapour Which have been absorbed by the caustic potash and the 
calcium];^chloride respectively and hence the increase in weight. 

(iv) When a piece of iron rusts in moist air, it increases in weight. 
There is an apparent creation of matter in thisanstancc. But the gain 
in weight is due to the fact that a part of air which is oxygen, is used 
up in the rusting of iron. The total weight of the iron and the oxygen 
consumed is, however, equal to that of the rust formed. 

^ Iron + oxygen = rust. 

(v) Similarly, when a piece of magnesium ribbon is heated in air, 
it burns away to a white powder, called magnesium oxide, which 
I weighs more than the original magnesium. It appears to violate the 
[ law of conservation of mass. The gain in weight of magnesium when 
it bums is equal to the oxygen of air used up. Hence, the total weight 
of magnesium plus oxygen used up is. equal to the weight of 
magnesium oxide produced : Magnesium +oxygen = magnesium oxide. 

(vi) Landolt’s Experiment. — ^Thc law has been 
tested over and over again and hence the general validity 
, of the law. The law was put to the most rigid test by 
Landolt between the years 1899 and 1906. In one of 
his experiments, the reacting material, e.g., ferrous sulphate 
' ^silver sulphate solutions, in the two arms of an H-tube 
(fig. 6), was sealed off. It was then weighed very 
accurately. Then the solutions were mixed together by 
tilting the tube, when the reaction took place — the silver 
sulphate was reduced to metallic silver by the ferrous 
sulphate. The reaction over, the tube was allowed 
to cool for some time and weighed again. It was found 
to weigh the same as before. Hence the truth of the 
law. 

Similar experiments can easily be carried out in ^ 
laboratory.^ In one experiment, some ferric chloride 
solution in a test tube is placed in a conical flask 
OQnta^jjjMg potassium ferrocyanide solution. The flask is then corked and weighed. 
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The two solutions are mixed together by tilting the Hask, when a deep blue 
precipitate forms. There is, however, no change in weight. The experiment may 
be repeated with solutions of mercuric chloride and potassium iodide ; on mixing 
the two solutions a yellow precipitate (which rapidly turns red) of mercuric 
iodide is produced — the precipitate, however, dissolves in an excess of potassium 
iodide solution. 

In the strictest sense the law of conservation of mass is also admitted to be inexact, 
in as much as many chemical changes are actually accompanied by a slight loss 
or gain of weight, the reasons being that mass and energy are interconvertible — the 
equivalence of mass and energy being expressed by the equation : 

E = me® m — E/c®. , 

where E = the energy and m == its mass equivalent in grams ; c = the velocity 
of light = 3 X 10^® cm. per sec. 

/. E = mx (3x101®)® — 9x 10®® m ergs. 

= 9x 10*® m/4.184x 10’ = 2.15 x I0i®m calorics 
(1 calorie = 4.184x10’ ergs.) 

Therefore a chemical change attended by a loss or gain of energy E, usually as 
heat, would give rise to a corresponding loss or gain of weight m — E/c®. But since 
c is very large, the change of mass due to liberation of energy is insignificantly small 
and consequently negligible in ordinary reactions. The combustion of 1 * gram 
atom, i.e., 12 grams, of carbon, for example, is accompanied by an evolution of 97000 
cak>rics of heat, the corresponding loss of weight Jfollows from the relation 
97000 •— 2.15 X 10i®m, m ~ 4.5x10 ® gm. i.e., to produce a loss of 1 i^ngm. 
it requires the combustion of about 2.7 tons of carbon — an infinitesimally small 
dcscrcase in weight undetectable by any known means. The law of conservation 
of mass, in its simple form, J^herefore, holds good for ordinary jchemical reactions. 

The Law of Gonaervation of Ener^. —Very much like matter, energy may 
be transformed from one kind to another without any gain or loss in the total amount 
of energfy in the universe, i.e., the total amount of energy in the universe remains 
constant ; it can neither he created nor destroyed : but unlike matter, it possesses 
no weight nor does it occupy any space. The energy of a bo^y may be defined 
as its power to perform work. Heat, light, electricity, motion, etc., are the familiar 
forms of energy. Whenever one form of energy disap jicars, an equivalent amount 
of energy of other kijid or kinds must appear. Heat under the boiler generates 
steam which drives the engine. The engine produces motion which is utilised in 
running a dynamo. The dynamo generates electric current which may turn a motor. 

Matter cannot undergo any change by itself ; the change is brought about by 
energy. Natural phenomena are nothing but manifestations of interplay between 
matter and energy. 

Exothermic and endothermicjchanges. —The chemical changes 
which matter undergoes are almost always attended with more or 
less marked changes in energy, which usually manifests itself with the 
evolution or absorption of heat. The chemical Changes which take 
place with evolution of heat are known as exothernJic changes^ while 
those taking place with absorption of heat are referred to as 
endothermic changes. 

Goal is the transformation product from the vegetable matter of 
the remote past, and contains the stored-up energy of the sunlight 
which the plants absorb as they grow. Coal is the store-house of solhr 
energy. This energy is released and appears as heat when the coal 
burns in air. In like manner, when carbon burns in oxygen, forming 
carbon dioxide, the process is accompanied by evolution of much 
heat ; this is an exothermic reaction. The heat evolved is due to 
the release of energy contained in the reacting materials. Hei}ce 
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carbon dioxide contains less energy than the constituent elements. 
Compounds, such as carbon dioxide, water, hydrochloric acid, etc., 
which are formed from their elements with evolution of heat are 

known as exothermic compounds. 

When sulphur vapour passes over red-hot charcoal, a colourless 
liquid, called carbon disulphide, is formed. Its formation takes place 
with absorption of heat which is contained in it. Hence carbon 
disulphide contains more energy than its constituent elements. 
Compounds,csuch as carbon disulphide, nitric oxide, and hydriodic 
acid, etc., which are formed from their elements with absorption of 
heat are known as endothermic compounds. 

Endothermic compounds arc very reactive, very easily decomposed, and are 
only formed from their elements at high temperatures. Exothermic compounds, 
on the other hand, are formed from their elements at low or moderate temperatures. 
They are less reactive and less easily decomposed than endothermic-compounds. 

Varietiesjof matter. — ^Although there are a vast number of 
different chemical substances, it is now realised that tlierc are only 

ninety- two distinct species from which 
these numerous substances are composed. 
The simple species or types of matter are 
called elements. Various forms of matter are 
classified into elepaents and compounds 
according to their composition. 

The era of modem chemistry begins with 
Robert Boyle who in the seventeenth centuTY 
overthrew the theory of four elements of Aristotle 
by clearly distinguishing elements as 'substances 
which cannot be decomposed further.' 

Element. — An element may be defined 
as a substance which cannot be decomposed 
into any simpler substances by means of ordinary 
chemical reactions. 

Magnesium is an element. It cannot 
be decomposed into anything simpler than 
magnesium. X piece of magnesiuin 
ribbon, weighing about 0.5 grams, is. 
slowly heated in a loosely covered porcelain 
druciblc (fig. 7) till combustion is 
complete. The crucible is then heated 
strongly for some time, cooled, and 
weighed. There is an increase in weight. The magnesium has 
coiriiined with oxygen from the air to form magnesium oxide, which 
is a white powder : 

Magnesium + oxygen = magnesium oxide. 

If the magnesium were decomposed into simpler substances, the 
white powder and something. else, the white powder must weigh less 
the magnesium. But the white powder weighs more, and hence 
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the magnesium has become something more complex by taking 
oxygen from the air. Wc can, therefore, add to an element, but 
we cannot decompose it. 

Copper, silver, gold, iron, tin, lead, magnesium, aluminium, 
carbon, sulphur, hydrogen, oxygen, nitrogen, etc., arc few familiar 
elements. 

There are ninety-two (taking the elements beyond uranium, namely, neptunium, 
plutonium, americium, curium, berkelium, californium, einsteimum, fermium 
mendelevium and nobelium into account, the number is one hundred and two) 
elements but not a few of them arc very rare — some are no more than laboratory 
curiosities. The distribution of elements in the earth’s crust is shown in the following 
di^am (fig. 8). The elements vary greatly in relative abundance. Oxygen, 
silicon, aluminium, iron, calcium, sodium, potassium, and magnesium are the eight 
most common elements which make up about 97 per cent of earth’s crust, the ocean 
and the atmosphere. 



Their relative abundance in percentages are as shown in fig. 8. Oxygen alone 
makes up about half of the weight of earth’s crust, cight-nintlu of the ocean, and 
about a fifth of the atmosphere. ^ * 

Compound , — A compound may be defined as a substance which is 
formed by the chemical union of two or more elements in a definite proportion 
by weighty and as such it may be separated into two or more elements. 

Compounds may either exist in nature or.havd been prepared in 
the laboratory. Mercuric oxide, also called red oxide of mercury, is a 
compound, as it breaks up into mercury and oxygen by strong heat. 

About 2 grams of mercuric oxide are taken in a hard glass test 
tube (fig. 9) fitted with a rubber stopper through which passes a glass 
delivery tube leading to a pneumatic trough containing water, a gas 
jar full of water, is inverted in the trough, — the mouth of the jar 
being supported on a beehive shelf over the delivery tube. The test 
tute is clamped in a horizontal positioji. On heating the mercuric 
oxide, bubbles of gas collect in the jar, and at the same time a shinifig* 
mirror of mercury deposits on the copier part of the tube. The gas 

2 
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rekindles a glowing, chip of wood, which burns with a brilliant flame> 
indicating that the gas is oxygen : 

Mercuric oxide = mercury + oxygen. 



When an electric^ current is passed through water aridified with dilute sulphuric 
acid, it decomposes into hydrogen and oxygen, indicating that water is a compound. 
Fus^ common salt may be decomposed into sodium and chlorine by passing electric 
current through it. 

Mixture . — A mixture^ sometimes called a mechanical mixture, is obtained 
by the mere blending, without any chemical union whatsoever, of different 
substances {elements or compounds), which are easily identified in the mixture 
by their respective properties which remain unaltered. 

The gun-powder is a mixture of three mateiials, nitre, also called 
potassium nitrate, charcoal, and sulphur. Air is a mixture of nitrogen 
and oxygen mainly. 

Mixtures and compounds. — mixture differs from a compound 
in the following respects : 

(i) The components, or what are called the ingredients, of a mixture retain 
their specific properties ; a compound, on the other hand, possesses properties 
which are peculiar to .itself alone and are entirely different from those of its 
components, 

A mixture of 7 grams of clean fine iron filings and 4 grams of 
flowers of sulphur is heated in a test tube, when the whole mass glows — 
the change takes place with evolution of much heat. .When cold, 
the tube is broken in a mortar, and the resulting bl^ck mass is 
powdered. When the powder is examined under a lens, no particles 
of sulphur or iron are visible in it, although these can be seen in the 
mixture. When a magnet is brought before the new substance no 
ir<yi is attracted, as it is from the mixture. Carbon disulphide, a 
liq^iid which dissolves sulphur, docs not dissolve out any sulphur 
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from the new substance. Hence iron and sulphur have disappeared 
as such, forming a new substance, called ferrous sulphide, which is 
, a chemical compound. 

When a mixture of iron filings and sulphur is treated with dilute sulphuric acid 
, a gas is giv<m off which buna with a pop. The gas is hydrogen, and is formed by 
the action of the aad upon the iron filings. The sulphur is not attacked and is left 
over when all the iron has dissolved. When, however, the iron sulphide, also caUed 
ferrous sulphide, u acted upon with dilute sulphuric acid, a gas is evolved which 
smells of rotten eggs. The gas is hydrogen sulphide ; it burns but not«vitb a pop. 

These experiments show that the new substance is entirely different 
from its constituents in properties. 

(ii) The components of a mixture are easily separable by physical means • 

a. compound may, however, be separated into its constituents by chemical meatu 
but not by any physical method. * 

If a nuxtiu-e of iron and sulphur is shaken with carbon disulphide, 
and filtered and the filtrate is allowed to evaporate, yellow crys tal^ ©f 
sulphur are deposited. A magnet can attract the iron filing from 
the mixture. Thus, sulphur and iron can be removed fi-om the 
nuAure by physical means. But it is only by chemifal methods that 
iron and sulphur can be obtained from iron sulphide. Thus, to get 
sulphur fiiom iron sulphide the substance is treated with dilute 
hydrochloric acid, and tjie foul-smelling gas that evolves is burnt 
and if a cold crucible lid is held in the flame, sulphur fs deposited. ’ 

(iii) The composition of a mixture is variable but the composition of a 
compound is fixed and definite. Fixed composition is one of the ^t 
tests for a compound. 

In whatever way the iron sulphide is prepared it must always 
contain 7 parts of iron to 4 parts of sulphur. When more iron th^ 
what is required by this proportion is heated with sulphur, the excess 
iron remains over, mixed with iron sulphide, and can be removed 
from it with a magnet. When an excess of sulphur is used, it does 
not combine ; it bums away or remains mixed with iron sulphide 
from which it can be dissolved out with carbon disylphide. 

(iy) Heat is either evolved or absorbect during the formation of a*compound 
from its elements ; but when a mixture is made there is usually rw heat 
change. • 

• 

Much heat is evolve4 during the formation of iron sulphide, but 
not when iron filings and sulphur are merely blmded together. Heat 
change sometimes accompanies the formadon of a soludon which is 
a mixture, e.g., much heat is absorbed when ammonium chibride is 
dissolved in water ; when water is added to sulphuric acid the solution 
becomes extremdy hot. 

(v) A mixture is usually heterogeneous i.e., not fierfecOy uniform, whereas 
a compound must be always homogeneous, i.e., the same throughout. 

This critwion obviously does not hold fof solutions which are 
homogenrous matures; A niagnifying gl^ reveaU distinct particles of L 
and sulphur in their mixture, but not in iron sulphide. 


perfectly 
»n filing^ 
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^ (vi) A compound^ being a pure substance^ has fixed melting and boiling 
points^ whereas a mixture usually has no definite melting or boiling point, 

A Hotnogeneous Substence is one in which every part of the subst^cc has 
exactly the same composition and properties as every other part. Crystals ol copper 
sulphate, common salt, etc., are homogeneous bodies. A compound must dc 
homogeneous, since it contains only one kind of substance. 

A Heterogeneona Subatsmee exhibits different properties in its different 
Gun powder is a heterogeneous mixture of nitre, sulphur and charcoal. A 
heterogeneousttubstance must be a mixture. 

Metals and non-metals. — ^Thc elements arc divided into two 
main classes, viz., metals and non-metals^ on the basis of their properties. 
The classification, though convenient, is somewhat arbitrary, since 
their properties sometimes overlap. Thus, there are elements which 
exhibit more or less the properties of both metals and non-metals,, 
they are referred to as metalloid. 

Potassium, sodium, calcium, magnesium, aluminium, zinc, iron, tin, lead, copper, 
mercury, silver, platinum, and gold are some of the familiar metals. Hydrogen 
oxygen, nitrogen, phosphorus, fluorine, chlorine, bromine, iodine, carbon, silicon,. 
, bofon, and sulphur arc examples of non-metals. Arsenic and antimony are 
metalloids. t * 

The main features of difference between metals and non-metals are : 


Physical differences 


Metals 

1. Metals possess lustre^ described as metallic 
lustre, and reflect light from polished 
or freshly cut surface. 

2. Metals usually /tavr high densities with 
several exceptions ; lithium, for 
example, is a light metal with a density 
of 0.53 only ; sodium, potassium, 
calcium, magnesium and aluminium 
also have low densities. 

Metals with densities greater than 
5 are called heavy meatls — osmium ^ith 
a density of 21.3 to 24 is the heaviest. 

3. Metals are usuaUy good conductors of 
heat and electridfy. Silver is the best 
conductor ; . copper is the next best. 
Mercury is not a very gpod conductor. 

4. Metals possess tenacity and toughness i.e., 
possess resistance to rupture by a 
stitching force and twisting 
respectively. 

Metals also possess malleability and 
ductUity, i.e., p^ess the property of 
being hammered into thin sheets and 
drawn into wires respectively. Some 
metals, e.g., bismuth and antimony, 
are brittle. 

Gold is the most malleable* metal — 
gold leaf 1/280000 of an inch in thickness 
* may be made by hainipering. 


Non-metals 

Non-metals have no lustre (except 
graphite and iodine which arc 
lustrous) and do not reflect light. 

Non-metals have low densities j all 
below 5 — liquid hydrogen, density 
0.076, is the lightest, and iodine with 
a density of 4.93 is the heaviest. 


Non-metals are poor conductors of 
heat and electricity except graphite. 
Arsenic has also marked conductivity. 

Non-metals possess none of the 
pro^rtiw of tenacity, toughness 
malleabjlity and ductility— non-mctala 
arc brittle, if solid. 
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5. Metals are solids with the exception of 
mercuiy which is a liquid at the ordinary 
temperature. 

Gallium (m.p. 29. 75*^) and caesium 
(m.p. 28.45°) are low melting solids. 


Non-metals are usually gases^ or 
volatile solids or liquids ; thus amonj^t 
the members of halogen family, fluorine 
and chlorine are gases, bromine is a 
liquid, and iodine a volatile solid. 

The non-metals carbon, boron and 
silicon are non-volatile solids. 


Chemical dififerences 


Metals 


J . Metals are electropositive elements 
(i.e., they carry positive charges during 
electrolysis) ; in other words, they form 
cations, c.g., ZnGl 2 ^ Zn++ -h 201'. 

Metals may sometimes form part of 
complex anions, e<g., 

KAg(CN)a ^ K++Ag(CN)2'. 


2. Metals generally dissolve in HCl or dilute 

giving olF hydrogen — metals 
which are less electro-positive than 
hydrogen are, however, cifccptions. 

3. Metals usually form bask oxides, e.g., 
CuO, FcjOs, CaO, but some oxides 
such as ZnO, and Al^Os are 
amphoteric ; some metallic oxides of 
higher valency are, however, acidic, 
c.g., CrOg and Mna 07 . 


4. Metals form halides which are stable in 
presence of water, e.g. NaCl, GaClg, etc., 
but some are partially hydrolysed i.c., 
decomposed by water — the hydrolysis 
is reversible, e.g., 

FeCl,+3H,0 ^Fe(OH)g+3HCl 
Metallic halides are mostly non- 4 
volatile, and conduct electric current 
in solution in water. 

Sunnic chloride, SnClg, is a volatile, 
liquid, and a non-electrolyte. 

3. Metals generally form complex salts in 
. whicli the metal may be in the cation, 

lCu(NH,)4]S04 ^ [Gu(NH,)4]+++S04'', 
or in the anion 

K 4 [Fc(CN)J fc? 4K++[Fe(CN).]"" , 


Non-metals 


Non-metals are electro-negatwe 
elements, i.e., they form anions (i.e., 
they carry negative charges during 
electrolysis), or. hardly show any 
electro-chemical character, e.g., carbon. 

Hydrogen, though a non-metal, is 
generally electro-positive and forms a 
cation, c.g.^ HCl £=5 H++Cr. < 

Non-metals do not dissolve in HGl 
or dilute sulphufic acid. 


Non-metals form acidk oxides, e.g., 
SOf, GOg, PgOg ; some oxides such 
as N.O, NO, CO, etc., are neutral. 
PgO, -h 3H,0 = 2H,P04 


Non-metals form halides which are 
usually unstable towards water, — most 
of them are decompmed by water ; 
the decomposition b irreversible : 
PG1,+3H,0 = H,POg-h3HCl. 
SiCl4+4H,p = Si(OH)4+4HCl 
Carbon tetrachloride, CCI4, is stable 
towards water. * 


Non-metals do not usually form 
complex salts ; boron and silicon, 
however, may form complex fluorides, 
e.g., KBF 4 and KgSiFa. ' ' * 


The constitation of matter. — ^Mass of a body is the matter 
contained in it, but what constitutes a mass of matter ? Several 
Greck^ philosophers, over 2,000 years ago, suggested that all kinds of 
materials in the universe, however continuom they may appear to be. 
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aure composed of very minute particles, called molecules, which 
arc much too small to be perceived individually. 

Molecule. — A molecule may he defined as the smallest 
element or a compound which can exit in the free state. A molecule p 
the chemical properties of a given type of matter. 

According to the atomic theory put forward by Dalton in 
clement is assumed to consist of extremely minute partic es 
atoms. The atom of each element has a characteristic weig . 

atom may be defined as the smallest particle of an elemnt 
which can take part in a chemical change. 

Molecules are composed of atoms. The smallest unit ® ^ ^ 
compound is a molecule ; this can exist as such in the free state. i 
an element it is necessary to distinguish between atoms and molecu es, 
because the atom may not be always capable of any prolonged existence 
in free state. In the case of inert gases of the atmosphere, yz.., 
helium, neon, argon, krypton and xenon, and vapours m most meta ^ 
mercury for example, the atom is quite stable and capable of iree ana 
independent existence. For these elements, therefore, the atom ana 
the molecule are identical. Usually, however, two or jnore atomst 
compose a molecule of an element. The molecules of the common 
gases hydrogen, oxygen, nitrogen and chlorine contain two atoms, 
and the molecules of phosphorus and arsenic contain four atoms. 

A molecule of an element contains like atoms only. A molecule 
of a compound is composed of one or more atoms of each of two or 
more different elements. An element, therefore, is a substance that 
consists of atoms of one kind only ; a compound is a substance that 
consists of atoms of two or more different kinds. Since a compound 
has a definite composition, a molecule of compound must contain a 
fixed number of atoms. 

For example, a molecule of water consists of 2 atoms of hydrogen and 1 atom 
of oxygen ; a molecule of sulphuric acid contains 2 atoms of hydrog:en, 1 atom of 
sulphur, and 4 atoms of oxygen ; a molecule of potassium chlorate is made up of 
1 atom of potassium, 1 atom of chlorine, and 3 atoms of oxygen. 

Atoms remain unaltered in all ordinary chemical transformations. 
During a< chemical change molecules of reacting substances first 
separate into atoms which then combine to form new molecules of 
the product. Hence : 

A chemical change is^one in which the atoms of the reacting molecules^ 
core regrpuped^^ Conform new molecules ; a physical change does not affect 
a molecule/md hence no new molecules are produced in a physical changed 

Al^inie^ weight.— Every kind of atom, according to Dalton’s 
atpffiic^eory, has .a definite and coxistant weight. The atoms of any 
one clement all have the same {weight,' but thejatoms of different 
elements have different weights. 

As the atoms arc extremely minute, their mass is exceedingly 
small being of the order 10-“ grams ; the mass of an atom of Oie 
Kghtest element hydrogen is*only 1.67x10-“ grams ; the mass of 
m atom of uranium is 3.95x10-“ grams only. The srpaUness of 
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an atom is rather, difficult to grasp easily — ^about 3x10^® atoms of 
hydrogen arc contained in 1 c.c. of the gas. 

It is, therefore, difficult to find out the actual weight of an atom 
of an element. But the weight of the atom of the element relative to 
that of a standard atom can be easily found out — this relative weight 
is stated as the atomic weight of the element. 

At one time the weight of the hydrogen atom, the lightest known atom 
was chosen as the standard by Dalton and its atomic weight was taken as unity. 
The atomic weight of an element relative to that of hydrogen as«unity, therefore, 
showed how many times an atom of the element was heavier than the hydrogen 
atom. 

The atomic weight is now-a-days determined in terms of the 
element oxygen as the standard — the atomic weight of oxygen is 
arbitrarily taken as 16.0000. 

The atomic weight of an element is the weight of an atom of the element 
relative to the weight of the oxygen atom taken or 16. 

The .atoniic weight of an element is, therefore, the number of 
times one atom of it is heavier than the sixteenth part of the atom 
o£ oxygen. On the oxygen standard the atomic weight of hydrogerf 
is 1.008. 


Exercises 

ytSo you consider the following to be physical or chemical changes : 

' (a) common salt is shaken with water until no further solid remains, 

(b) a magnesium ribbon is heated in air until it takes Are, 

(c) a piece of sodium floats on water. Anally disappearing,^,^ 

(d) the dissolution of sugar in a cup of tea, 

(c) ammonium chloride, when heated in a test tube, vaporises and condenses 
as a solid on the cooler part of the tube ? Give reasons. 

What are the differences between physical and chemical changes ? 

In what ways docs a mixture of iron filings and sulphur differ from iron 
sulphide ? 

' 3. A piece of iron rusts on exposure to the air and increases in weight, while 
a piece of charcoal when ignited, bums away leaving a litt(|^ ash of negligible 
weight. How would you reconcile the above facts wi^ the law of conservation 
of mass ? • 

Describe a suitable experiment to prove conclusively that matter is 
indestructible. 

4. DeAne (a) element, (b) compound. State if each of the following is an 
clement, a compound, or a mixture : common salt, water, , mercuric oxide, sugar, 
gold, brass, a silver coin, potassium chlorate, air. 

What arc the chief differences between compounds and mixtures ?, 

5. What do you understand by the atom, atomicity, atomic weighty opd fnolecuU ? 

The atomic weight of chlorine is 35.5. What does .this statcimoit oonv^ 

to you ? -*• 

6. Classify the following changes as purely chemical, purely phyii^,^or as} 
belonraff to both : (a) burning of kerosene oil, (b) distillation of water, (c) melting { 
of lead, (d) magnetising a knife blade, (e) heating a piece of limestone, {() souring 
of milk, ^g) sending electric current through fused common salt, (h) dissolution 
of copper m nitric acid. 

7. What is meant by exothermic and endothermic reactions ? Give two 
examplespf eadi. 

when some canmhor is left in the air ^it completely disappears. Does this 
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Symbols^ Formulse & Equations 

Symbols and formulae. — In order to describe the chemical 
composition of a substance involving certain ones of the elements a 
chemist prefers to use, for the sake oi convenience, abbievdations for 
the full name of each element concerned, since they arc more quickly 
written. Thus, the letter H is written for the word hydrogen ; the 
abbreviation for oxygen is O ; and for nitrogen N. These arc referred 
to as symbols of elements. Usually tlic symbol is the initial letter 
of the English name for which it stands ; when, however, more than 
one element has the same initial letter, a pair of letters arc necessary ; 
thus, C stands for carbon ; Cl represents chlorine, and Ca is calcium. 
Ni is the symbol for nickel, and He for helium. Sometimes the 
symbols are derived from the Latin name of the element. The 
present system of chemical notation was introduced by the Swedish 
chemist l^rzclius in 181 J. * 

Symbols of a few elements with their Latin names in italic$ arc 


given below : 

Antimony {Sitbtum) t 

Sb 

Mercuiy (Ffydrareyrum) 

Hg 

Copper (Cuprum) 

Gii 

Potassium (Kalmm) 

K 

Gold (Aurum) 

Au 

Silver (.4r^eri/wm) 

Ag 

Iron (Ferrum) 

Fe 

Sodium (Natrium) 

Na 

Lead (Plumbum) * 

Pb 

Tin (Stannum) 

Sn 

The symbol' W for tungsten 

is derived from the German name woliram. 


Symbols of a few familiar elements 

arc as follows . 


Aluminium 

A1 

Iodine 

I 

Barium 

Ba 

Magnesium 

Mg 

Boron 

B 

Manganese 

Mn 

Bromine 

Br 

Nitrogen 

N 

Calcium 

Ca 

Oxygen 

O 

Carbon 

G 

Phosphorus 

P 

Chlorine • 

Cl 

Platinum 

Pt 

Chromium « 

Cr 

• Silicon 

Si 

Fluorine 

F 

Sulphur 

s 

Hydrogen ^ 

H 

Zinc 

Zn 


See the table oU International Atomic Weiffhts. 

The symbol of an element does not only stand for the name but 
also represents one atom dr one atomic weight of the element. Thus 
O does not stand merely for oxygen ; it represents one atom of oxygen 
And also 16 parts by weight of oxygen. The letter N stands for 
nitr^en. It also means one atom of nitrogen and 14 parts by weight 
of nitrogen, and so on. 

Formulse.— Every substance, be it an clement or a compound 
has a definite chemical formula— a combination of symbols and 
numerals written in such a way as to indicate what kinds of atoms and 
hn» mar^ of each are present in e<ah molecule of the subtance. A chemical 
foriHuia symbolically represents the composition of a substance. 
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The chemical formula of an element is denoted by ite symbol 
Avith a numeral placed to its right and a little below it to show how 
many of its atoms are contained in a molecule. The number of atoms 
•contained in the molecule of an element is known as its atomicity. 
Molecules of common gases oxygen, hydrogen, nitrogen and chlorine, 
•each contain two atoms, i.e., their molecules are diatomic and 
consequently their formulae are written as O2, H2, N2 and CI2. A 
molecule of phosphorus contains 4 atoms, and hence its formula is P4 
But the inert gases argon, helium, and neon, etc., and mest metallic 
vapours such as mercury and zinc, etc., are monoatomic^ i.e., their 
molecules are composed of one atom only, and therefore, their formulae 
arc A, He, Ne, Hg and Zn, etc. 

A molecule of a compound contains a fixed number of atoms of 
its constituent elements. Its chemical formula is designed by writing 
down side by side the symbols of its constituent elements, with a 
numeral to the right and slightly below each symbol in order to show 
how many atoms of it arc contained in the molecule. Thus, a 
molecule of sulphuric acid contains 2 atoms of hydrogen, I atom of 
sulphur and 4 atoms of oxygen, and hence its (prmula is written as 
H2SO4 — the numeral 1 being always understood. The formula for 
chalk, also called calcium carbonate, is CaCOj, since it contains I 
atom of calcium, 1 atom of carbon, and 3 atoms of oxygen. Nitre, 
also known as salt-petrc,*is denoted by the formula •KN08. HjO 
stands for the formula of water. 

The chemical formula of a substance docs not merely denote 
its composition^ it also represents one molecule or one molecular weight 
of it. Thus, water is represented by the formula HgO ; it means that 
each molecule of water is composed of 2 atoms of hydrogen and 
and one atom of oxygen, and that its molecular weight is 
18(2 X 1 +1 X 16 = 18) parts by weight. 

The molecular weight of a substance is the sum of the weights 
of atoms present in a molecule ; thus, the molecular weight of sulphuric 
acid, H2SO4, which contains 2 atoms of hydrogen, 1 atom of sulphur, 
and 4 atoms of oxygen, is : 2xl+li<32+4xl6*=98. 

The formula for oxygen is O2, and consequently, its molecular 
weight is 32(2 X 16 == 32) parts by weight. ^ 

The molecular weight of a substance expressed in* grams is called 
the gram molecule or sometimes the gram ^moleci^r weight ; 
thus 1 gram molecule of sulphuric acid is 98 grams ; one gram 
molecule of water is 18 grams, and one gram molecule of ch^ is 
100 grams, and so on. 

A number placed to the immediate left of a chemical formula 
indicates the number of molecules of the substance. 5H2SO4, for 
example, denotes 3 molecules of sulphuric acid ; 6H2O means 6 
molecules of water. 

atoms of rutrogen are contained in a mol^ule of nitrogen, and Hs formula 
is wirtten as ; 2N, however, means 2 atoms of nitrogen; 5Nt stands tor 5 
molecules of lutrogen which contain 10 atoms of nitrogen ; 10 atoms of nitrogen 
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are expressed as ION. stands for 7 molecules of oxygen ; 70 means 7 atoms 
of oxygen. 

Valency* — Chemical affinity between substances is a measure of 
their tendency to undergo a chemical change. Quite commonly 
dissimilar substances exhibit greater chemical alEnity-Vsubstances of 
opposite chemical nature easily enter into a chemical reaction ; thus 
a metal generally reacts easily with a non-metal. > Again, it is found 
that the relative affinity of an clement is not the same for different 
elements. ^Thus, chlorine is said to possess a greater affinity for 
sodium than for copper, since it reacts more readily and vigorously 
with sodium than with copper. 

Chemical compounds are formed by the union of atoms of dijjtrent elements 
in simple numerical proportions. It is, however, found that the combining 
power of atoms of different elements is not the same. Thus, if one 
atom of oxygen is considered, it is impossible to make more than 
2 atoms of hydrogen combine with it. This holds good for all other 
elements. There is, therefore, a certain number of atoms of hydrogen 
with which one atom of an element would combine (if it combines 
with hydrogen at allj. Thus, in the following compoimds one 2 ^om. 
of the elements combines with 1, 2, 3 or 4 atoms of hydrogen : 

Hydrochloric acid HGl Ammonia NHg 

Water H,0 Methane CH* 

• • 

In these instances one atom of each of the elements chlorine^ 
oxygen, nitrogen, and carbon arc capable of combining with 1 , 2 , 
3, and 4 atoms of hydrogen respectively, and consequently their 
combining capacities, or what is called valency, are 1, 2, 3, and 4 
respectively. It is found that in none of the compounds of hydrogen 
does an atom of hydrogen combine with more than one atom of any 
element — ^thc only exception in which one atom of hydrogen unites 
with more than one atom of another clement is hydrazoic acid, N 3 H ; 
and consequently an atom of hydrogen has the least combining 
capacity. Hydrogen has therefore, been chosen as the standard of 
valency, and its valency is taken to be 1. The valency of other 
elements is referred to that of hydrogen. 

Valency*— (rfe valency of an element denotes the combining capacity 
of its atoms and is measured by the number of hydrogen atoms with which 
one atom of the etsment in question would combine. ^ 

>/The examples cited above, therefore, tell us that chlorine, oxygcit^ 
nitrogen, and carbon are univalent^ bivalent^ trivalent^ and quadrivalent 
respectively. 

When an element does not directly combine with hydrogen, its 
valency is determined with reference to other elements., of known 
.valency. Thus, aluminium does not combine with hydr<%en, but it 
combines with chlorine, forming the compound aluminium chloride, 
AICI 3 . Hence aluminium is trivalent, since one atom of it combines 
^th three atgms of univalent •chlorine. Oxygen is bivalent, and conse-. 
quently when it combines with one atom 01 another element, the 
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latter is ako bivalent ; e.g., magnesium is divalent in magnesium oxide. 
MgO. The following oxygen compounds arc highly illustrative ; 

Sodium monoxide NajO, Magnesium oxide MgO, 

Aluminium oxide AlaO,, Silicon dioxide SOg, 

Phosphorus pentoxide PaOg, Sulphur trioxidc SO 3 , 

Chlorine heptoxide GhCDf, Osmium tetroxide OsOg. 

The above examples show that sodium, magnesium, aluminium, sbi^n, 
phosphorus, sulphur, chlorine, and osmium are univalent, bivalent, trivalcnt, 
quadrivalent, pentavalent, hexavalent, hcptavalcnt and octavalent respectively. 
8 is the highest valency known. • 

The inert gases argon, helium, neon, etc., form no compounds with any elements, 
and as such they exhibit no valency. They are elements of zero valency. There 
are, therefore, nine valencies including zero, in all, which arc exhibited by various 
elements, e.g., 0, 1, 2, 3, 4, 5, 6 , 7 and 8 . 

Valency of metals may be determined by allowing their equi-gram atoms to act 
on hydrochloric acid and collecting the hydrogen evolved in graduated tubes. 23 mg. 
of Na, 24 mg. of Mg and 27 mg. of Al, for example, yield 11.2, 22.4 and 33.6 c.c.*s 
of hydrogen at N.T.P. respectively. Therefore, 1 gram-atoms of the said metals, 
i.e., 23 g. of Na, 24 g. of Mg., and 27 g. of Al, would yield 1 1.2,22.4 and 33.6 litres 
of hydrogen at N.T.P. respectively. But 1 gram molecule of occupy 22.4 litres 
at N.T.P. Hence 11.2 litres correspond to 1 gram-atom of hydrogen. Thus, 1 
grai^i-atom of Na, Mg, and Al displace 1, 2, and 3 gram-atoms of hydrogen respectively, ' 
and hence their valencies are 1, 2 and 3 respective!^. 

>j!^’ariablc valency. — ^The valency of many elements may vary in 
different compounds. element may exhibit more than one 

valency either (i) in its compounds with the saim element ; thus iron 
is bivalent in ferrous chloride, FcClg, and trivalent in ferric chloride, 
FcClj ; phosphorus is trivalent in phosphorus trichloride, PCI3, but 
pentavalent in phosphorus pentachioride, PCI 5 or (ii) in its compounds 
with different elements ; thus nitrogen is trivalent in ammonia, NH3, 
but pentavalent in nitrogen pentoxide, NgOg ; sulphur is divalent in 
hydrogen sulphide HgS, and hexavalent in sulphur hexafluoride, SF3. 


The valencies of some 

common 

elements are given below 

’ I 

Element 

Symbol 

Valency 

Element 

Symbol 

Valency 

Aluminium 

Al 

3,5 

Iron 

Fc 

2,3 

Antimony 

Sb 

3,5 

Lead 

Pb 

2,4 

Arsenic 

As 4 

3,5 

Magnesium 

• Mg 

2 

Barium 

Ba^ 

2 

* Manganese 

Mn 3 

2,3, 4, 6 , 7 

Boron 

B 

3 

Mercury 

Hg 

1,2 

Bromine 

Br 

1, 3,5,7 

Nitrogen 

. N 

1,2,3, 4,5 

Calcium 

Ca 

2 

Oxygen 

0 

2 

Carbon 

G 

4 

Phosphorus 

• P 

3,5 

Chlorine 

a 

1,3, 5,7 

Potassium ^ 

K 

1 

Chromium 

Gr 

2,3,6 

Silicon 

Si 

4 . 

Copper 

Cu 

1.2 

Silver 

Ag 

1 

Fluorine 

F 

Sodium 

Na 

1 ^ 

Gold 

Au 

,3 

Sulphur 

S 

.2,4,6 

Hydrogen 

H 


Tin 

Sn 

2,4 

Iodine 

I 

,3,5,7 

Zinc 

Zn 

2 

Variable valency of few metals and 1 
reference to chlorides arc noted : 

nomenclature 

of their compounds with 


Metal 

Oiprous copper 
Cupric copper 
^Mmurmts mercury 


Valency Chloride 

1 ^ Cuprous chloride, CuCl 

2 Cupric chloride, CuGi| 

1 Mercurous chloride, HgtGls 
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Metal 

Valency 

Chloride 

Mercuric mercury 

2 

Mercuric chloride, HgCh 

Ferrous iron 

2 

Ferrous chloride, FeCh 

Ferric iron 

3 

Ferric chloride FeCla 

Chromous chromium 

2 

Chromous chloride, CrCh 

Chromic chromium 

3 

Chromic chloride, CrCla 

Manganous manganese 

2 

Manganous chloride, MnClj 

Manganic manganese 

3 

Manganic chloride, MnCla 

Stannous tin 

2 

Stannous chloride, SnCla 

Stannic tin 

4 

Stannic chloride, SnCla 

Plumbous lead 

2 

Plumbous chloride, PbCla 

Plumbic lead 

4 

Bwblif chl^td^, PbCla 


/ 1 Radicals. — In many compounds a group oT atoms of different 
dements behaves collectively like a single atom and takes part as a 
whole in chemical reactions ; such a group of atoms is called a radical 
(also called compound radical). Thus, ammonia reacts with hydro- 
chloric acid producing ammonium chloride, NH4CI, where the group 
NH4, plays the part of a univalent metal and is called an ammonium 
radical. 


The formula for sulphuric acid is H2SO4 — the sulphate group 
SO4, is bivalent since at combines with 2 hydrogen atoms. Similafly, 
the carbonate group GO3, is bivalent in the carbonic acid, H2CO3 ; 
the nitrate group NO3, is univalent in the nitric acid, HNO3 ; tlie 
phosphate group PO4, is trivalent in phospjhoric acid, H8PO4. 

The hydroxyl group OH in bases is a radical ; it is univalent ; 
e.g., caustic soda, NaOH. ^ 

Some common radicals with their valencies are as follows : 


Radical 

Valency 

Radical 

Ammonium NH4 

1 

Carbonate CO, 

Sulphate SO 4 

2 

Bicarbonate HCO, 

Bisulphate HSO4 

1 

Hydroxyl OH 

Sulphite SO3 

2 

Perchlorate CIO 4 

Bisulphite HSO, 

1 

Chlorate CIO, 

Nitrate NO, 

1 

Chlorite CIO, 

Nitrite NO, 

Phosphate PO4 ^ 

Phosphite POg 

Borate BOs 

1 

Hypochlorite CIO 

3 

Chromate CrOa 
Dichromate Cr^O^ 
Manganate MnOa 

Ferrocyanide Fc(CN)« 

4 

Permanganate Mn< 

Ferricyanide Fc{QN)^ 

3 

Thiosulphate 8 , 0 , 


Valency 

2 


2 

2 

2 

1 

2 


Except ammonium NH4 which is a positive radical, the rest are 
negative radicals and ’play the part of a non-metallic element in 
a compound. 


Structural FormuUe.— The formula of a compound may be designed graphically 
indicating how the atoms arc linked in a molecule. For this purpose each atom 
of an clement is assumed to possess one or more hand, which are represented 
by bonds or short straight lines, drawn from the symbol of the atom — the number 
of lines drawn corresponds to the valency of the clement. The valency of hydrogen 
oxygen, nitrogen, and carbon, for example, arc graphically designed as ; * 

H- -O-' -i- 
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These bonds unite in pairs in chemical combination, i.e., the hand on one atom 
holds the hand on another ; thus the formulas for water H 2 O, hydrogen peroxide 
HgOj, methane, CH4, and ammonia, NH^, are represented as ; 


H— O— H H-O— O— H H~G— H H— N— H 

The sulphate group has 2 valency bonds so that the structural formula or 
sulphuric acid is : * 

H-SO 4 -H 

A pair of mutually satisfying bonds produce a single bond in a compound, as 
illustrated in the above com^unds. In like manner, two pairs of bonds produce 
a double bond, and three pairs a triple bond. 

A compound is said to be saturated when all the valencies of the constituent 
atoms are JuUy satisfied, and unsaturated when the valencies are only partially satisfied. 
Water, hydrogen peroxide, methane and ammonia, all in the above illustrations 
are saturated compounds. Ethylene, C 2 H 4 , and acetylene, GaHa, are unsaturated ; 
they are represented as : 

H H 

• II ^ 

H-0==g-H H-GiL==^C~H 

Ethylene Acetylene 


Ethylene contains a double b^nd, and acetylene a triple bond. Double and triple 
bonds in compounds indicate unsaturation in them. * 

The names of compounds* — Compounds are generally given 
such names as to indicate their composition. The following examples 
would clearly indicate the system of chemical nomenclature, i.e., naming 
of substance. 


Compounds of two elements are called binary componnds. In 
naming such compounds, the name of the metal (or the more poskive 
element) appears first, followed by the name of the non-metal (or the 
more negative element) with the termination -ide. 


An oxide is a binary compound of an element with oxygen ; a 
chloride is a compound of an element with chlorine. In like manner 
the binary compounds in which one of the elements is sulphur,, 
hydrogen, bromine, iodine, nitrogen, etc., arc given the names,, 

sulpldde, hydride, bromide, iodide, nitride, etc., respectively, e.g. 


Magnesium oxide MgO 
Hydrogen sulphide H,S 
Potassium iodide K1 
Magnesium nitride Mg^N, 
Carbon tetrachloride GGI4 


Aluminium chloric^ AlCl, 
Calcium hydride CaH, 
Sodium bromide NaBr 
Chlorine monoxide GljO 
Calcium carbide GaC, 


In binary compounds when an element combines with another 
forming more than one compound, the suffix -ous, or -ic is added to* 
the metal (or less electronegative clement) to denote the lower or 
higher proportion of the element respectively. Examples are : 


Ferrous chloride Fed, 
Stannous chloride SnCl, 
Mercurous oxide Hg,0 
Cuprous oxide CuaO 
Nitrous oxide N,0 


Ferric chloride FcCl* 
Stannic chloride Snd, 
Mcft:uric oxide HgO 
Cupric oxide CuO 
Nitric oxide NO 
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The prefixes mono-, di-, tri-, etc., are sometimes added to the 
non-metal or to the more negative element denoting the number of 
its atom in the molecule. In a series of oxides the prefix pei> is 
usually, but not always, added to the one containing most oxygen, e.g. 


Sodium peroxide NagOg 
Carbon dioxide CO, 
Chlorine dioxide ClOg 
Phosphorus pentoxidc PgOj 
Sulphur trioxide SOg 

Compounds containing three elements are called 
compoundtS ; e.g., sulphuric acid, H2SO4 ; potassium 
KCIO3 ; calcium carbonate, CaCOg. 


Sodium monoxide NsgO 
Chlorine monoxide ClgO 
’ Chlorine heptoxide Clg 07 
Phosphorus trioxide PgOg 
Sulphur dioxide SOg 


ternary 

chlorate, 


How to write a formula. — ^When an element A reacts with 
another element B to form a compound, the valency of A must balance 
that of B such that the valency of the compound as a whole is nil ; 
consequently valency of A must be equal and opposite to that of B, 
or in other words : 


total valency due to A total valency due to B 
* i.e. , no. of atoms of A x valency of A =no. of atoms of B x valency of B 

number of atoms of A _ valenc y of B 
number of atoms of B valency of A 

Hence, the eleirients A and B unite in the nmple inverse ratio of their 
valencies. The relation holds equally good when radicals are involved 
in a chemical change. 

To arrive at a formula of a compound, therefore : 


(i) Write the symbols of A and B side by side — the metal or the more positive 
element or radical to the left and the non-metal or less positive element 
or radical to the right, and 

(ii) Indicate by numerals their valencies at the top ; finally 

(in) Shift the valencies cross-wise to the lower right of the opposite partners. 
Examples are : 


Symbol with valency 
A1»0» 

Al’SOg* 

Calcium phosphate • Ca*P 04 * _ 

Copper nitrate ^ Cu*NOg^ Cu(NO|7, 

When the valencies are divisible by a common factor, they are 
first reduced to a pimple ratio and then the method is applied : 


Compound 
Aluminium 
Aluminium sulphate < 
pha 


Formula 

AlgO, 

Alg(S 04 ), 

CagCPOg), 

^•)s 


Compound Symbol with valency Simple ratio Formula 

Aluminium phosphate •• A 1 *P 04 * APP 04 ^ AIPO4 

Magnesium oxide Mg*0* Mg^O^ MgO 

Carbon dioxide C*0* COg 

• Bicarbonates contain the univalent radical, HCOg, as in NaHCOg, 
Ca(HC03)2 and Fc(HC03)2, whereas the ^sulphates contain the 
univalent radical, HSO4, as in the compounds NaHS04 ^^d KHSO4. 

WGheinical equations.— A chemical change that matter undergoes 
' is called a chemical reaction, and may be represented by equations 
involving symbols of atoms of ihc elements and formula of 
A ehtn^ equation, therefore, represents with the aid of^ols and formulae, 
a e/mical reaction. In writing a chemical equation the formula of 
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•1 

■g 




Ammonium NH« (1) - NH.OH NH.NO, NH 4 a (NHJ.CO, (NH 4),*04 (NH*)JO, 




lN'milU£t>IATB CH£M1S1|LY 


the reactants arc connected by plus ( + ) signs, so also the products 
of the reaction — the set of the reactants being separated from the 
set of the products by a sign of equality ( = ) . For example,. 
J^tassium c^orate, when strongly heated, loses oxygen, and is. 
-Converted into potassium chloride : 

Potassium chlorate — potassium chloride + oxygen. 

Replacing each name by the formulae of the substances, the 
equation becomes : KCIO3 = KCl + Og. 

This etquation is incomplete,, and is said to be unbalanced^ since 
3 atoms of oxygen are contained in KCIO3 but only 2 are accounted 
for among the reaction products. This cannot be remedied by 
^writing O3 on the right instead of Og, f6r this would mean writing' 
an incorrect formula for oxygen. By doubling the whole expression 
we get : 2KGIO3 = 2KC1 + SOg, for a balanced equation. The 
equation reads thus : potaissium chlorate yields or produces (which the 
sign of equality denotes) potassium chloride and (plus is read ^and') 


oxygen. 

. ^ Significance of a chemical equation. — A chemical equation 
lias a qualitative as y^ell as quantitative significance. It indicates- the 
nature and the relative amounts by weight (and also by volumes^ in the 
case of gases) of different substances involved in a chemical reaction. 
Let us consider the equation 0+02= COg. 

It reads in ‘a purely qualitative way as ‘*carbon reacts with oxygen 
to form carbondioxide.” But its quantitative meaning is ; ‘‘one 
atom pf carbon unites with one molecule of oxygen to yield one 
molecille of carbondioxidc.” Also 


G + Og = COg 
12 32 44 


Expressing the atomic weights and molecular weights in grams, we 
may interpret the equation thus : one gram atomic weight of carbon 
unites with me gram molecular weight of oxygen to produce 1 gram 
mateeular weight of carbondioxidc. The gram atomic weight of carbon 
is 12 ; the gram molecular weight of oxygen is 32 and that of carbon 
dioxide 44. Consequently the full significance of the equation is : 
1*2 grams of carbon unite with<.32 grams of oxygen to give 44 grams 
of carlSon dioxide. It will be established later that one gram 
xnolecidar weight of any gas occupies a volume of 22.4 litres at 0^*0 
and at a pressure of 760 mm. of mercury, i.e., at N.T.P. 

C + Og == COg 

12 22.4 litres 22.4 litres 

'The equation may, therefore, also be interpretted as : “12 grams of 
carbon unite with 22.4 litres of oxygen at N.T.P. to produce 2^.4 
litres of carbon dio:tide at N.T.P.” . . 


Up^ttatioM of a cdiemical oqootioa. — It cannot provide informations on the 
Dg among other pfmnts : « _ 

(n Energjf changes, i.e., if the reaction is exothermic or endothemue ; . 

It) PIffsfeal state m the reactants and the products ; 

CeMHonSi e.g., temperature, pressure and ^talyst, and modus Ojj^imdt 
cC the' reaction. . y 

itiUi . at - which a reaction prii^eds and the time required ht its 
completion. > 




SYMBOLS, FORMUUe & £(2,UATIONS 

^l^adaacdng a Chemical Eqoatioa. — 


33 


A chemical equation must satisfy the following points : 


(i) It should represent a* chemical change that 4oes really taka 
place. 


(ii) It must balance^ i.e., it must conform to the law of conservation 
of mass and as such the number of atoms of each element on 
cither sides of the sign of equality must be same. 


(iii) All the substances appearing in equation should be 
represented by their molecules — representation of elements 
must also be molecular and not atomic, except in the case of 
monatomic molecules like Na and Hg etc. Usual practice is 
to represent elementary gases by their molecular formulas 
e.g., Hjj O2, Nj, Gig, Fa, etc. Solid elements in the uncombined 
state arc denoted by their symbols only, such as the metals 
Zn, Al, Fe, Sn, Pb, etc., and the non-metals C, Si, B, Si 
etc., since the number of atoms in a molecule of a solid 
element is sometimes though not always^ variable or indefinite. 


^lllii8tration8« 

first : 


•For simple reactions such as formation of water from its elements. 


(i) Write a skeleton equation denoting'-thc compounds t>y their molecular 
formulae and the elements by their symbols, as 

Hydrogen + oxygen *= water 
H H- O « H,0 

(ii) Balance the equation such that every atom on the left is found on the right 
of the equation, hence 

2H + O « H,0 

(iii) Finally, represent every substance by its molecule, thus 

2H, + O, » 2H,0 

The steps involved in arriving at a balanced chemical equation are illustrated 
by the following examples : 

(i) Iron reacts with oxygen to yield ferric oxide. » 

Iron + oxygen •ferric oxide 

Fe -j- O ■=* FcjOj 

2Fc +30 » FcgOa 

4Fe + 30, - 2 FcA 

Equation (iii) is the properly balanced equation. 

(ii) Nitrogen combines with red-hot magnesium to produce magnesiuiB 
nitride. 



Magnesium + nitrogen » magnesium nitride 

Mg + N » MgJMg 

3Mg + <^5 2N Mg,Na 

3Mg + Na - MgaNa 

The last equation is the properly balanced one. Ma^esium nitride is ^kcomposed 
by water to ^eld magn^um hydroxide and ammonia. 


Magnesium nitride + water magnesium hydroxide + ammonia 

Mg,N» + HOH - Mg(OH), s + NH. ... (i) 

MgsN« + 6HOH - 3Mg(OH), + 2NHt - . W 

Kquation (ii) is properiy balanced'-^ter is writteh here as HOH for oonvemeaiek 

S 
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(ill) Ck)mmoxi salt reacts with hot strong sulphuric acid to produce sodium 
sulphate and hydrochloric acid. 


Common salt -f* sulphuric acid 
Naa + H,S 04 

2NaCl + HJ1SO4 


sodium sulphate + hydrocliioric acid 
NajSO. + HCl 

NajSOj + 2Ha 




(tv) Carbon dioxide turns lime water milky due to the formation of a white 
precipitate of calcium carbonate and water. 


.Lime water + carbon dioxide « Calcium carbonate + water 
Ca(OH), c+ GO, « CaCO, + H|0 

v!(v) Chalk dissolves in hydrochloric acid with an effervescence of carbon 
dioxide : 

Chalk + hydrochloric acid = calcium chloride -f water + carbon dioxide, 
CaCO, + HCl = GaCl, -h H,0 + CO, ... (i) 

CaCO, + 2HC1 = CaCl, + H,0 + CO, ... (li) 

Equation (ii) is properly balanced. 

(vi) Ammonium chloride reacts with slaked lime giving ammonia : 

Ammonium chloride + slaked lime calcium chloride + water + ammonia 


NH4CI + Ca(OH), = CaCl, + H,0 + NH, ... (i) 

‘adanemg. 2NH4a + C:«(OH), => CaCl, + 2H,0 + 2NH. ... (iQ 


Balancing bjr l^wtlal Equations. — When it b comparatively difficult to balance 
A t^emical equation by inspection, it is advisable to arrive at the balanced equation 
by writing down the equation in steps — the steps representing the possible course 
of reaction. Each atjtp is represented by a separate partial equation^ and the partial 
oquationa arc finally' added to get the balanced equation — ^if and when necessary, 
the partial equations are multiplied by suitable ^integers, for correctly balancing the 
final equation. The method is illustrated by a few examples ; • . 

^ a ^ 

(i) Hot and concentrated sulphuric acid reacts with copper turnings to produce 
sulphur dioxide : 


Sulphuric acid decomposes into water, sulphur dioxide and oxygen. The 
oxygen then converts copper into copper oxide which dissolves in the sulphuric 
acid to give copper sulphate and water. 


H,S04 == H,0 + SO, + O 

Cu + 0 =» CuO 

GuO "h H,S 04 ~ CuSO, "I* HgO 


Cu 2H,S04 « GuSO,® + 2H,0 . -h SO, 

\U) Copper reacts with moderately strong nitric acid to yield nitric oxide. 

2HNO, « H,0 + 2NO + 30 
• 3Cu -f- 30 =* 3CuO 
3CuO + 6HNO, « 3Cu(NO,), + 3H,0 

3Cu + 8HNO, = 3Gu(NO,), + 4H,0 +2NO 

,(i^) Sodium decomposes cold water to yield caustic soda and hydrogen. 

H,0 +2Na « H, + N%0 
Na,0 + H,0 2NaOH 

2Na 2H,0 2NaOH + H, 

(iv) Hydrcgm peroxide reacts with a solution ^potassium permangatiatir^aC!^^^ 
with mlute sulphuric acid, evolving oxygen in the cold. 

. ! Potassium pennanganate decomposes in the acid solution yiddAng" oxygai 
and JbnntQg enddes of potassium and jmang^ese which are iieuraCeii 
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by sulphuric acid to give salt and water. Hydrogen peroxide also breaks 
up releasing oxygen. The equation may be built up as follows : 

2KMn04 « KjO + 2MnO + 50 
KjO + HjSO* « K2SO4 + HjO 
2MnO + 2H,S04 = 2MnS04 + 2H4O 
5H,Oj « 5HaO + 50 
50 + 50 = 50, 


2KMn04 + 3H,S04 + 5H,0, = K4SO4 + 2MnS04 + 8H,0 + 50, 

(v) Potassium iodide reacts with hot and concentrated sulphuric acid, evolving 
violet vapours of iodine : 

2KI + 2 H,S 04 2 KHSO 4 + 2HI 
HjSO, *= H,0 + SO, + O 
2HI + O « H,0 + I, 

2KI + 3H,S04 = 2KHSO4 + 2H,0 + SO, + I, 

(vi) , Sulphur dioxide reduces a solution of potassium dichromate acidified with 
dilute sulphuric acid — the colour of the solution changing from orange 
yellow to green. Potassium dichromate breaks up giving oxygen and oxides 
of potassium and chromium which dissolve in acid to produce salt and water. 
The liberated oxygen converts sulphur dioxide into sulphur trioxide which 
with water gives sulphuric acid. 

K,Cr,0, «= K,0 + Cr,C?, +30 
K,0 + HjSO, « K,SO« + H,0 
Cr,0, + 3H,S04 = Gr,(SO«), + 3H,0 
3^0, + 30 a* 3SO, 

3SO, + 3H,0 =. 3H,S04 


K,Cr,0, + H,S 04 + 3SO, = K.SO 4 + Cr,(S 04 ), + H,0 

(vii) Chlorine oxidises sulphurdioxide water into sulphuric acid. 

Cl, + H,0 *a 2HG1 + O 
SO, + O = SO, 

SO, + H,0 = H,S04 

Cl, + 2H,0 + SO, = 2HGI + H,S04 
(viii) Ozone liberates iodine from potassium iodide solution : 

O, = O, + O 

2KI + O « K,0 + I, 

K,0 + H,0 = 2KOH 

2KI + O, + H,0 = 2kOH + O, + I, , 

(ix) Sulphur dioxide reduces cupric chloride into cuprous chloride. 

2CuCl, « 2CuCl + 2C1 • 

H,0 + SO, + 2Gl = 2HCI + SO, • 

SO, + H,0 « H,S04 

2CuCl, + SO, + 2H,0 « H,S 04 + 2HC1 + 2CuCl 

Exercises 

What do you understand by the terms atom, molecule^ valmy ? 

Write down the formulae, and calculate the molecular weight of the following 
•compounds : cc^per sidphate, calcium bicarbonate, ferric sulphate, ferrous sulphate, 
•odium limul^ate, ammonium mrbonate, stannic chloride, mercurous dhioride, 
jduminium su^ate, ferric hydroxide. 

2. Write down the equations for the following reactions : 

t irod is heated in a current of chlorine. 

lhe'"a^pn of zinc on copp^ sulphate solution, 
the burning of phosphorus in rir, 
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Id) a loufe blade is dipped into copper sulphate solution, 

(c) the combination of phosphorus and mine, 

) the decomposition of limestone by heat, 

(g) the action of dilute sulphuric acid on iron filings, 

(h) the action of heat on potassium chlorate. 

Translate the following equations into symbols : 

(i) limestone + hydrochloric acid « calcium chloride + water H- carbon 
dioxide, 

(ii) barium chloride + sodium sulphate » barium sulphate + sodium 
chlaride, 

(iii) sodium chloride + sulphuric acid « sodium bisulphate + hydrochloric 
acid, 

(iv) silver nitrate ^ sodium chloride » silver chloride + sodium nitrate, 

(v) sodium + water « caustic soda + hydrogen, 

(vi) sulphuric acid + iron « ferrous sulphate + hydrogen, 

(vi*' calcium oxide -f water = slaked lime, 

(vii ferric oxide + aluminium « aluminium oxide + iron, ^ 

(u sodium hydrixode + hydrochloric acid es sodium chloride + water, 
y (s lead nitrate » lead monoxide + nitrogen dioxide + oxygen. 

"'^4. Explain why both sides of a chemical equation must balance. Ra1ann» 
follow equations : 


« (a) FcaOj + CO = Fc + CO* ; (b) Ga + =. Ca(OH)t + H,, 

(c) KCIO, « KCl +• O, ; (d) Sn + Cl, = SnCU 
(c) PbS + HjOa « PbSOa + HjO ; (f) H, + O, « HjO. 


What information does the equations : (a) 2Ha + 0^ = 

(b) C + O. CO], convey to you ? Balance the folloy/mg equations : 

(i) Fc + Hdl =. FeCl, + : (ii) Ca(OH), + HCl = CaCl, + ; 
P + O, = ; (iv) Pb(NO,), - PbO + NO, + ; 

CuSO, + Fe = FeSO, + ; (vi) A1 + Cl» = AlCl,. 


2H,0; 


What is a chemical equation ? On what principles is it formed and what does 
it convey ? What information it does not convey ? U. P. Board, '31 

7. What are the essential characteristics of a chemical equation ? What are 
ita drawbe^ ? Balance the following equations. 


(i) KMnO, + HjSO, + H,0, - KjSO, + MnSO, + H,0 + O. 

(ii) As,0, + SnCl, + HCl •= SnCl* + As + H,0. 

(lii) C,H, + 0=3 H,0 + CO,. 

(iv) Cu + HNO, - Cu(NO,), + H,0 + NO. 

8. Discuss the importance of a chemical equation. Write equations for the 
fbtlowuig reactions : (a) action of chlorine on caustic soda solution, (b) action ot 
nitric acid on copiim, (c) action of ozona on potassium iodide solution, (d) action 
of caustic nodS solution on phosphorus, and (e) action of heat on barium caroonate. 


IV 

ACIDS, BASES, AND SALTS 

Adds. — is found that certain properties are shared by all addi ; 
all acids, for example, have a soar taste-'-^ very name add CMaca 
fiom a Latin word meaning sour. Adda dm blite litsaaa vad | 
thta, when a few drojM of blue litmus soiuiion are added to a littte 
dilute sulphuric ,acid in a test tube, the entire sdutbm tuna 
MAgy acting on certain metals, woidd liberate hydAagm gM. 
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When a little dilute sulphuric acid, for example, is added to a piece 
of granulated zinc in a test tube, there is a brisk evolution of hydrogen 
gas* The gas may be burnt in a jet with a pale blue flame. The 
above properties are not, however, sufficiently precise to define an 
acid. 

a^d is a compound containing one or more replaceable hydrogen 
atoms which may be partially or wholly replaced by a metal forming a salt, 
when acted upon by certain metals, metallic oxides, and hydrt^des, ^ 

Thus, iron reacts with dilute sulphuric acid, producing ferrous sulphate and 
liberating hydrogen ; ferrous sulphate is the salt of sulphuric acid. 

Fc + HaS04 = FeS04 + H, 

Zinc oxide reacts with sulphuric acid producing zinc sulphate (which is a salt 
of sulphuric acid), and water : 

ZnO + HaS04 = ZnS04 + HaO 

Calcium hydroxide dissolves in nitric acid forming calcium nitrate and water ; 
calcium nitrate is the salt of nitric acid. 

Ca(OH)a + 2 HNO, = Ca(NOa)t + 2 H ,0 I 
• The acids are divided into two classes : the hydradds and the* 
ozyacids. The hydradds do not contain oxygen — ^besides hydrogen 
they contain another non-metalli6 element (or radical) only. 

They take the affix pic and the prefix hydro- in their names e.g., 
hydrofluoric acid, HF ; hydrochloric acid, HCl ; hydrobromic acid, 
HBr ; hydriodic acid, HI ; Hydrocyanic acid, HCN. 

The oxyacids contain oxygen — ^besides containing both hydrogen 
and oxygen they contain another element (or radical). 

The ending -ic or -oos are used to denote acids containing more 
or less oxygen respectively, ^.g., 

Sulphuric acid H,S04 Sulphurous acid H4SO4 

Nitric acid HNOa Nitrous acid HNOg 

Chloric aied HCIO, Chlorous acid HCIO, 

Phosphoric acid HaP04 Phosphorous acid HaPOa 

The oxyacids containing less oxygen than the -ous acid, have the 
affix -oas and the prefix hypo- in (heir names. * The oxyacids having 
more oxygen than the -ic acid, carry the affix -ic and the^refii^ per- 
in their names, e.g.. 

Phosphorous acid HaPOa Hypophosphorous acid HaPO| 

Chlorous acid HGlOa Hypochlorous acid HCIO 

Chloric acid HClOa PcrchloriQ acid HCIO4 

The common mineral acids are hydrochloric acid, HQ, 
sulphuric acid H2SO4, and nitric acid, HNOa. 

ThlMcidi. — ^Thio acids are derived from oxyacids by partial or complete 
replacment of oxygen by sulphur. Thiosulphuric, HaSaOa, may be considered 
as derived from sulphuric acid HaSOa, by the replacement of one oxyv^ atom by 
one sulphur atom. Sodium thiosulphate, NaaSaOa, 5 H, 0 , also calleu hjpo, is the 
well-known salt of thiosulphuric acid. Cyanic acid is HCNO ; tUocyanic add 
a HGNS ; potassium thiocyanate, also called potassium sulphocyanide, is KGNS; 

8alts.^The term saH is commodly applied to sodiimx ddoride 
aiso Joiown 39 tdt. But the term salt in ehemtstty 

tewrs to the products fonhed by the displacement cS reflaCMdUa 
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hydrogen atom of acids by metals — ^normal salts arc produced by 
the complete replacement, and addi or bisalts by partial replacement 
of the replaceable hydrogen atoms. A salt is, therefore, a compound 
in which the replaceable hydrogen atoms of an acid have been 
replaced by a metal. Thus, sodium sulphate Na2S04, is a salt, since 
it is Sulphuric acid H2SO4, in which two hydrogen atoms havctbeen 
replaced by two atoms of sodium. Similarly, sodium chloride NaCl, 
is a salt, because it is hydrochloric acid HCl, in which the hydrogen 
atom has been replaced by sodium. Salts of hydracids end in -ide* 


Acid 

Hydrochloric acid HGl 
Hydrobromic acid HBr 
Hydriodic acid HI 
Hydrofluoric acid HF 
Hydrocyanic acid HCN 


Sodium salt 
Sodium chloride NaCl 
Sodium bromide NaBr 
Sodium iodide Nal 
Sodium fluoride NaF 
Sodium cyanide NaCN 


The termination -ite is affixed to the name of the salt of any -oas 
acid, and -ate to the salt of any -ic acid. 


Acid 

Sulphuric acid H,S04 
Sulphurous acid H^SOa 
Nitric acid HNO3 
Nitrous acid HNO] 
Carbonic acid H,COa 
Phosphoric aci;| HaP04 
Hypochlorous acid HOCl 
Ghiorous acid HClOg 
Chloric acid HGlOs 
Perchloric acid HCIO4 


Sodum salt 

Sodium sulphate NagSOt 
Sodium sulphite NafSOg 
Sodium nitrate NaNOj 
Sodium nitrite NaN02 
Sodium carbonate Na^COa 
Sodium i^iosphate NajPOa 
Sodium hypochlorite NaOCl 
Sodium chlorite NaClOa 
Sodium chlorate NaClOs 
Sodium perchlorate NaClOa 


Salts may contain metals wliich exhibit variable valency. In 
inch cases, when the metal shows the lower valency, the metallic 
portion of the name ends in -ousa and when it exhibits higher valency, 
it takes the affix -ic, e.g. 


Ferrous sulphate FeSOa Ferric sulphate Fe2(S04)4 

Stannous chloride SnClg Stannic chloride SnCla 

Cuprous chloride GuCl Cupric chloride GuGlf 


Sodium hydrogen mlphate^ NaHSOa, is an acid salt^ of suiphuric 
acid ; it i^ll contains replaceable* hydrogen, and a solution of it turns 
blue litmus red. It is also called sodium bisulphate ; it contains the 
univalent bisulphate radical HSO 4 . 

The formula tor. sodium bicarbonate is NaHC08 ; it is an acid salt 
of carbonic acid HgCO^. The bicarbonates contain the, bicarbonate 
. radical HCOs, which is univalent. Calcium bicarbonate has the 
formula Ca(HCOa)2. 

Basesa-V^ base is a compound (the oxide dr hydrtMcide Qf a 
metal) which reacts with an acid to produce a salt and water oidy. 

(I) Cupric oxide dissolves in sulphuric acid, prbductne cupric sutphalfe^aad 
r OuO H- H2S04 CUSO4 + H,0 1; 

. ' t (Sy Sodium hydroxide reacts with suicdiuric acid, forming lodium sdlpbate 
2NapH + H,S04--ft^^ 

.i' ^ sodium bisulpbate is fomtd whenleifer amouat of iK^umhydrc^e 

« NrfJS04 4 H»0. : } ; • 
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(iii) Altitninjum Oxide reacts with sulphuric acid producing aluminium sulphate 
and water : Al^Oa + 3H,SO| « A 1 ,(S 04 ), + 3H,0 

(iv) Ferric oxide dissolves in hydrochloric acid, forming ferric chloride and 
water : Fe,0, + 6HG1 » 2FeCla + 3HaO 

An oxide of a metal, if soluble in water produces hydroadde* 

NaaO + HjO »= 2NaOH (sodiuin hydroxide) 

KaO + HgO *■ 2KOH (potassium hydroxide) 

CiaO + HjO Ga(OH)a (calcium hydroxide). . 

The hydroxides of met^s are compounds of metals with the 
hydroxyl group, OH ; the metallic hydroxides arc bases. 1 1 ' 

Soluble hydroxides are called alkalis. — ^The term alkali is» 
therefore, applied to bases which are soluble in water. In addition 
to their property of forming salts with acids, the alkalis possess the 
following properties : (i) their solutions turn red litmus solution bluB ; 
(ii) their solutions have a soapy feel when rubbed between the fingers. 

Such substances as sodium hydroxide (also called caustic soda), 
potassium hydroxide (also called caustic potash) y and calcium hydroxide 
which are soluble in water, are called alkalis. A solution of calcium 
hydroxide is known as lime water. ^ 

Insoluble hydroxides, such as aluminiitm hydroxide Al(OH )3 
and ferric hydroxide Fe(OH) 3 , are not alkalis, but they are bases ; 
and consequently, all bases are tiot alkalis, but all j^lkaj^ are bases.^ 

Ammonia NH, dissolves in water producing ampionium hydroxide 
which is alkaline : NHg + HgO = NH4OH (ammonium hydroxide). 

Exerenses 

!• Write down the names and formula; of the sodium salts of the following acids : 
nitrous, hypophosphorous, perchloric, hypoclUorous, carbonic, sulphurous, hyd^oiodic, 
and sulphuric. 

Name three most important mineral acids. 

2. What is meant by a bsse ? Is there any difference between a base and 
an alkali ? Is sodium carbonate a base ? 

Explain what happens when : 

fa) water is slowly added to a lump of quick lime, 

{bS dilute sulphuric acid acts on granules of zinc, 

(c) concentrated hydrochloric acid acts on ferric oxide, 

(d) caustic soda solution is slowly added to some hydrochloric acid which 

has been coloured red with litmus solution, • 

f^ strong hydrochloric acid acts on tin, 

(f) dilute hydrochloric acid acts on sodium carboniite. 

3. Define the terms acidy base^ and salt. What are th^ properties of an acid ? 

A solution turns blue litmus red. Is this a sufficient inormation to call the solution 
an add ? • 

What information does this equation— 

NaOH + Ha « NaGl + H,0 

convey to you ? 

V 

COMMON LABORATORY PROCESSES 

Matter consisting of one substance only is said to be pure. Thus, water is a pure 
tufastanoe,. since it contains nothing but water. A sample of muddy water, on the 
Other hand, is impure, stpee. it contains other things besides water. In order to 
study the properties oS a sutMtance it must be obtained in the pure state. A specimeo 
of a pure substance is simply a collection oi identical molecules. ^ 
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Solutioa. — ^Whcn a little common salt is shaken in a test tube 
with water, it seems to disappear, giving a homogeneous 
uniform mixture. No trace of the salt can be found, when the liquid 
is examined imder the most powerful microscope. The common 
salt is said to be dissolved in the water, and a solution has been 
formed. When, however, the common salt is added in successive 
small amounts to water, and the mixture is stirred, the salt dissolves 
up to a certain point only, forming a uniform mixture ; after this the 
salt no longer passes into solution, but settles down unchanged. There 
is thus a limit to the amount of salt that may be dissolved by a given 
quantity of water at a particular temperature. The composition of a 
solution is variable^ because the quantity of salt that dissolves in a given 
amount of water may vary. The composition of a solution may vary within 
certain limits^ but that of a compound is fixed and definite and can not vary. 

A solution is a homogeneous mixture of two or more substances which 
has the same composition and physical properties in every part, the composition 
of the mixture being, however, capable of variation within certain 
^ limits. The different substances arc uniformly and intimately mixf d 
with each other in a solution. 

The common salt that has dissolved in the water, still exists as 
salt and may be easily recovered by driving off the water by boiling 

the solution in ^x^ evaporating dish or basin, 
usually made of porcelain. When all the 
water is driven off as steam, a white 
deposit of common salt is left in the 
dish ; a deposit such as this, is called a 
residue. The solution is said to have been 
evaporated to dryness, and the process 
is Imown as evaporation* The solution 
is evaporated on a water-bath (fig. 10) to 
avoid any loss by spirting. 

A solution may be a solid, liquid, or a gaseous 
mixture. Air which is a mixture of nitit^en 
and ox^en mainly, is a gaseous solution. The 
addition of alcohol to water produces a homogeneous 
rig. 10 mixture of two different chemical substances 

^ uniformly and intimately mbeed with each other ; 

^ this is a liquid solution. 

It b obvious that a solution must consbt of at least two 
substances — the substaifce which has dbsolved and that which 
dissolved it. The dissolved substance is called the solute, and the 
dissolving medium is called the solvent* It may, therefore, be 
written : 

solution = solute + solvenL 

^ The solute distributes itself uniformly throughout the solvent 
without having any tendency to settle on standing. A solution is 
to be dilute or concentrated according as the amount of solute 
Is relatively small or large. Sometimes the terms weak or strong are 
in a similar sense. 
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^ A much more precise meaning is conveyed by what is called 
concentratioii of the solution, which is generally expressed as the 
number of grams of dissolved substance per 100 grams of the solvent. 

Quite coxnmoaly when one substance dissolves into another, it is a convention 
to designate as the solvent that component which is present in larger proportion, 
and to name the other component the solute. But this desi^ation is rather arbitrary, 
particularly when two liquids are miscible in all proportions. 

Water is a very common solvent. But it must not be assumed that water is the 
only solvent. Many substances like rubber, oils, grease, wax, tar, etc., are not soluble 
in water. Tar, oil and grease are, however, readily soluble in petrol, and hence 
the use of petrol in the dry cleaning of dirty clothes. Varnish is a solution of shellac 
in methylated spirit. Petrol, benzene, methylated spirit, and turpentine are a few 
solvents of everyday use. Alcoholic solutions of medicines are called tinctures or 
spiiitS) e.g., tincture of iodine ; spirit of camphor. 

It must be remembered that when a solution is referred, it is not necessarily a 
solution of a solid in a liquid. Gases may dissolve in liquids ; carbon dioxide, for 
example, is appreciably soluble in water — ‘aerated waters* such as lemonades and 
soda waters are but aqueous solutions of carbondioxide under pressure. Some 
liquids will dissolve each other. Alcohol dissolves in water in all proportions. Gases 
always dissolve each other in all proportions. The air is a gaseous solution. Many 
solids dissolve some other solids producing a homogeneous mixture of solids, referred 
to as solid solutions. When gold is melted and some silver is added, the silver dissolves 
in the gold, and on cooling, a solid solution is produced. Solids may also dissolve 
gases ; palladium dissolves hydrogen forming a solid solution. 

There are may substance which do not dissolve in wate^ ; they are said to be 
insoluble. Thus, chalk, glass, stone, most metals, sand, cotton, paper, etc., are 
but few of the insoluble materials. 

Filtration* — ^When a mixture of some sand and common salt is 
shaken with water, the salt goes into solution while the sand particles 
remain in suspension. On standing, however, the sand, being heavier, 
slowly settles down to the bottom, finally leaving a clear liquid at 
the top, sometimes called the supernatant liquid. The settled solid 
is known as the sediment, and this process of settling down of heavy 
solids is referred to as sedimentation* 

The clear supernatant liquid at the top may be carefully poured 
oiBf without disturbing the settled solids at the bottom. This process 
of pouring off the supernantant liquid without disturbing tjie sediment 
is ^own as decantation. 

• 

When a sample of turbid muddy water is allowed to stax^ undisturbed for some 
time, the suspended particles of sand and clay, etc., slowly settle and sink to the 
•bottom, and consequently the turbidity clears. , 

But like such materials as sand and clay, there are many 
insoluble solids which do not settle quickly. Their separation is 
effected by filtration. 

Filtration is a process in which a liquid is separated from insoluble 
solids by pouring the mixture {of liquid and insoluble substance) into some 
porous material^ such as filter paper ^ cloth^ etc.^ which allows the liquid to 
pass through but retains the suspended solid particles. 

In the laboratory a special blotting paper, known as filter paper, 
is usually employed as the porous medium. A circular piece of fUter 
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paper is folded into quarters, and then opened out with three qiiartera 
on one side and one on the other (fig. 1 1). It is then fitted in a glass. 



Fig. 11 

funnel, which may be held in a filter stand. On pouring the mixture 
of liquid and insoluble 
solid into the filter paper, 
the liquid passes through 
the pores of the paper 
and is collected in a 
beaker below — the sus- 
pended solid particles are 
too large to pass through 
the pores and are held 
back. 

The * liquid passing 
through the filter paper is 
called the filtrate and the 
solid retained on the filter 
paper is called the residue. 

Hot solutions filter more 
rapidly than cold ones. 

Figure 12 is a hot filter. 

Filtration under reduced 
pressure is a much quicker 
process. Fig. 12 

For quick filtration in the laboratory a funnel with a perforated disc, usually 
a Buchner funnel, is fitted into a oiosed flask in which a partial vacuum is cream 
by a %vater suction pump. The filter papor is laid on the disc. The atmospheric 
pressure acting on the surface of the liquid in the funnel fcHrccs it through filter 
into the flask (fig. 13). 
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Vttcuum filters used in industrial processes act on the same principle. 


To oepanite a mixture 
of Chalk and common 

ealt — Chalk, also called calcium 
carbonate, is insoluble in 
water ; salt dissolves. Some 
of the mixture is stirred with 
water, using a glass rod, in a 
beaker, and poured in thin 
stream into the filter paper 
fitted in a glass funnel and 
moistened with water — care 
being taken that none comes 
over the top of the paper. 
The filtrate is collected in an 
evaporating dish, and evapo- 
rate over a wire gauge on a 
tripod stand. The common 
salt is left as a residue after 



evaporation. Fig. 13 

The chalk is retained on the filter paper. Several portions of water are pou^^ 
over the chalk to wash it free from any adhering pit solution. The filter paper’ 
the funnel is then dried, and the residue of chalk is separated froin the filter paper. 

Sand (insoluble in water) and common salt can be separated in the same way 
fiom their mixture. ^ 

To separate gttn powder into its constituents* — Gunpowder 
is an intimate mixture Gf about 6 parts of potassiunj nitrate, one part 
sulphur, and one part charcoal. Of these, only potassium nitrate, 
also called nitre or saltpetre^ is soluble in water. Sulphur dissolves in 
carbon disulphide, but charcoal is insoluble in this reagent. 

To obtain all three constituents from a given sample of gun 
powder, some of it is shaken with sufficient quantity of carbon 
disulphide to dissolve out all the sulphur, and filtered. The ffiirate 
is collected in an evaporating dish, and allowed to evaporate by itself. 
Lemon-yellow crystals of sulphur will deposit in the dish. Carbon 
disulphide being very inflammable^ should be kept away from flames* 
The residue of nitre and charcoal is held back on the filter oaj^r ; 
this is dried to remove any adhering carbon disulphide. The residue 
is then separated from the filter paper and stirred with sufficient hot 
water to dissolve out the nitre and filtered. • 

The filtrate is collected in a basin, and evaporated to dryness, 
when the potassium nitrate is obtained as a coloinl^s residue. The 
charcoal is left as a black residue on the filter paper ; it is washed with 
water to free from nitre solution, dried in a steam oven and separated 


from the filter paper. 

GUNPOWDER 

A mixture of nitre, charcoal and sulphur. Add carbon disulphide ; 


shake ; filter. 


Nitre and charcoal ; dry ; treat with 
boiling water ; filt^. 


Solution of sulphur ; evaporate ; residue 
yellow crystals of sulphur. 


RendttS Filtrate 

Charcoal ; wash with water ; Solution of nitre ; evaporate ; 
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Asbestos, sand, cotton, glasswool, etc. are often used as filtering 
medium. 

Solution of solids in liquids. — ^The most important solutions 
are formed by dissolving solids in liquids. As already mentioned, 
there is a limit to the amount of solute that may dissolve in a given 
quantity of water at a particular temperature. When, for example, 
sugar is added gradually in successive small amounts to water, and 
stirred, it dissolves in water up to a certain extent only ; after this, 
the sugar no longer passes into solution but simply setdes out 
unchanged. The solution is then said to be saturated with sugar 
at the temperature of the experiment. 

A solution is said to be saturated at a given temperature when it can exist 
unchanged in contact with the excess of th. undissolved solute, 

A saturated solution, therefore, contains the maximum amount of 
a solute in the dissolved state at a given temperature ; if the solution 
contains less, it is said to be unsaturated. An unsaturated solution, 
therefore, dissolves more of the solute when brought in contact with it. 

A solution is said to be super-saturated, i.e., more than 
saturated, when it somehow holds more *solute than what should 
be present in its saturated solution at a given temperature. 

Sometimes it happens that when a hot saturated solution is cooled in absence of 
any dust or undissolvcd solute, the excess of the solute (i.e., the amount of substance 
which can no longer be held in solution in the lower temperature) is not thrown out 
of the solution ; the solution is then said to be super-saturated. Such super-saturated 
solutions are very unstable. Stirring and scratching the wall of the container or 
the presence of a little dust throws the excess solute out of the solution. An infallible 
method of making a super-saturated solution throw the excess solute is to drop in 
a small crystal of the solute into the solution ; the added crystal provides a centre 
about which the excess solute separates. 

To make a aoper-saturated soluticm of hypo. — super-saturated solution 
of sodium thiosulphate,* Na,S,03.5H,0 also called hypo, is very easily obtained 
by simply heating the solid substanc^. Hypo contains combined water luiown 
as its water of crystallisation, and when heated it dissolves in this water. 

A large test tube is half filled with crystab of ‘hypo*, and its neck plugged with 
cotton wool to prevent the entrance of dust. The tube is then heated in a beaker 
of boiling water. The hypo melts in its own water of crystallbation and forms a 
super-saturated solution. When this solution is carefully cooled, this remains liquid, 
and no hypo is deposited — and this is in spite of the fact that initially the entire amount 
of hypo was present as dry crystals. On removing the plug and putting into the 
liquid a small crystal of hypo, the liquid at once begins to solidify. 

Liquid honey b a super-saturated solution of sugar mainly ; on long standing 
the sugar will crystallbe. 

Solubility. — Solubility depends much upon the chemical nature 
of the solute and of the solvent. Ck>mmon salt, for example, is soluble 
in water, but not in alcohol ^ while in tht same solvent water, hypo 
is much more soluble than the common salt. Substances differ 
in the ettent to which they dissolve in water. 
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Increasing the surface area of solid by powdering hastens its 
solution greatly. An <^ate mortar and pestle (fig. 14) is generally 
used to powder a solid in the laboratory. 

The solubility of a solid generally increases with 
the increase of temperature. The solubility of different 
solutes may not increase to the same extent with the 
rise in temperature ; the solubility of nitre, for example, 
incre ases much^ mo ie r apidly , with temperatur e Aan 
ffiar of &e common, salti- The solubility of some Fig* 
substances, such as sodiuni^u^phate, first increases and then_dec rcasca 
with temperature. Vor every tempwature th^e is a maximunT 
saturation solubility. It is, therefore, convenient to have some 
standard to compare the extent of solubilities of different substances 
in solvents. 



The solubility of a solid in a solvent at a given temperature is the number 
of grams of the solid which dissolves in 100 grams of the solvent to give a 
saturated solution at that temperature. 

Let X gm. of a solute satiu-ate y gm. of a solvent at <®C, then its. 
solubility at = 100 xjy. 

][f m gms. of solute be present in w gms. of its saturated solution 
at <®C, then its solubility at = 100 m/(u;-m). 

When it is mentioned that tfie solubility of common salt in water is 36,0 at 20®C 
it means that 100 gm. (or 100 c.c., since 1 c.c. of water weighs, tcry nearly, 1 gm.) 
of water will just dissolve 36.0 gm. of common salt at 20®G to yield a saturation at 
the said temperature. 

Determination of solubility of nitre. — Suppose it is required to determine- 
the solubility of potassium nitrate, also called nitre, in water at the temperature 
of the room i.e., it is required to find out the weight of potassium nitrate which will 
just saturate 100 gm. of water at the temperature of the laboratory. 

For this, a saturated solution of potassium nitrate is 6rst prepared by stirring 
some powdered potassium nitrate with water in a test tube at the room temperature, 
so that some excess solid is left over at the bottom of the tube — a fact that ensures 
that the solution is saturated. 


The saturated solution is then filtered into an evaporating dish or basin, which 
has been weighed previously. The whole is then weighed again. The rantenta. 
of the dish are then carefully evaporated to dryness over a small flame or on a water- 
bath — care must be taken to avoid loss of salt by spiriting^ and to ensure that the 
residue is perfectly dry at the end of heating. The dish with the dry salt is then 
cooled in a desiccator and weighed again. * 

Let Weight of dish a gm. 

Weight of dish + nitre solution b gm. • 

Weight of dish + nitre c gm. • 


.". weight of nitre (c— a) gm. 

weight of water (b— C) gm. 

i.c., (b— c) gm. of water dissolves (c— a) gm. of nitre 

A 100 gm. of water dissolve X o£ nitre, which is, therefore, the 

solubility of nitre. 


Solubility of common salt can be similarly determined. 

The experiment may be repeated to determine the solubility at different 
temperatures, using a thermostat, which is an arrangement to obtain constant 
temperatures. The following results for potassium nitrate and sodium sulohate^ 
(Glauber’s salt) are illustrative. F 


Temperature 

0® 

10® 

20® • 

40® 

60® 

80® 

100® 

Potassium nitrate 

13.3 

20.9 

32 

64 

110 

169 

246 

Glauber’s salt 

5.0 

9.0 

19.4 

49 

45 

44 

49 
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The solubilities in grains per 100 gm. of water, arc plotted against the temperatures. 
\fig. 15). 



Fig. 15 


Solubility curves. — The 

dependence of solubility on 
temperature is represented 
graphically by means of 
solubility curves, in which 
the abscissae represent the 
temperatures, and the 

ordinates the solubilities. The 
figure 15 gives the solubility 
curves of some salts in water. 
It is seen that the solubility 
curves of different salts are 
different in type. 'Fhe solubi- 
lity of some salts, c.g., 

potassium nitrate, increases 
rapidly with temperature, and 
hence their curves slopp 
upwards. The curve for 

common salts is very nearly 

horizontal, showing that it is 
hardly* more soluble in hot 
water than in cold. Some salts, 
such as sodium sulphate, be- 
come less soluble at high 


temperatures. 

The sol^ili^^curves;, therdw^ give dircedy the splubility_qf a 
substance ...at a_ fflv en’ tempera turc^ anef also help us to make a 
cpinp»arariy^Wca of the .ioiubiliti^.of different substanc^. 

(The solubility curve also tells us how much of the substance will 
[ be thrown out of solution, when its saturated solution at a higher 
temperature is cooled to any lower temperature. ") Thus the solubility 
curve tells us that the solubility of nitre is 110 at 60®C, and that at 
20®C is 32, and consequently whcp. a saturated solution containing 
100 gm. of water is cooled from 60® to 20®, the amount of nitre 
deposited will be 110—32 = 78 gm. 

The curves alsq give information as to which will deposit first 
when a mixed solution is subjected to evaporation. Thus, when a 
solution containing potassium chloride and potassium chlorate in 
equal proportions, is being evaporated at 50®C, the curves tell us that 
the solution gets saturated with potassium chlorate first as its solubility 
is less than that of potassium chloride. Hence the potassium chlorate 
will be deposited first, and until the solution abo gets saturated with 
potassium chloride. 


Freeaditg mistare. — When any soluble substance is added to water, the freexing 
point is lowered. If a dilute solution of conunon salt is cooled, the temperature faS 
until pure ice begins to separate just below 0*G. The removal of water as ice 
incraaiiei the concentration of the solution, so that the freezing point falls progressivdy, 
since tlK| lowering of freezing point is proportional to the concentration of the solution. 
A however, soon reached when the water left in the solution is only just 
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sufficient to keep the salt in solution. On further cooling, both ice and salt separate 
together and the temperature remains constant until the solidification is complete. 
This minimum temperature at which the ice and salt separate en masse is called the 
tuUctic Umperalwe and the mixture of ice and salt separating is known as euUctie mixture. 
The eutectic temperature of ice and common salt is --21.2'’C. So if ice and salt 
are mixed in the proportion required to form eutectic mixture, the temperature falls 
to —2 1 .2°C, and ice and salt form what is called a freezing mixture. The temperature 
of a freezing mixture of ice and calcium chloride in the ratio 1 : 2 falls to — 55°C. 

Solutions of gases in liquids. — Liquids can dissolve gases. Carbon dioxide 
is fairly soluble in water. Air is slightly soluble in water — the dissolvc;(jl air supports 
the life of aquatic animals. 

Some tap water is taken in a large beaker, 
and a test tube full of water is inverted over the 
stem of a funnel placed in the beaker, as shown 
in the figure 16. The beaker is placed on a 
wire gauze over a tripod stand ; on heating 
bubbles of gas are collected in the test tube ; 
such water therefore contains dissolved gas. 
The dissolved gas in ordinary water is mainly 
air. 

Unlike solids the solubility of a gas in 
liquids decreases with rise in temperature. The 
solubility of gas, l^owever, increases with 
pressure. Soda-water is a solution of carbon 
dioxide in water under pressure ; when a soda- 
water bottle is op>ened the dissolved gas escapes 
in bubbles as effervescence owing to the reduction 
of pressure. • 

Solution of liquido In liquids. — ^Alcohol 
dissolves in water m all proportions, i.c., it 
is completely miscible. But there are liquids 
such as water and mercury, which arc completely 
immiscible. Some liquids are partially miscible. 

Fig. 16 Thus, when ether is gradually added to water, 

it at first dissolves but up to a small extent only ; 
after which two distinct layers separate — the top layer is ether with a trace of water 
dissolved in it, while the bottom layer b mainly water containing, 
however, a little dissolved ether. The two layers can be separated 
by a separating funnel (Fig. 17), 

When the two layers of ether and water arc shaken with a little 
iodine in a separating funnel, it is found that the iodine is 
shared between the two liquids, but m«st of it is dissolved 
out by the ether, as is evident from the darker brown colour 
of the ether layer. Ether may, therefore, be used to extract iodine 
from its solution in water. Carbon disulphide also extracts 
iodine — ^the solution in this case assumes a beautiful violet colcwr ; 
the carbon disulphide forms the bottom layer, as it is heavier than 
water. * 

The method is widely used for extracting many substances from 
their solutions in water. 

Soapensioiis mad emulmions. — ^When such substances as 
particles of clay, flour, etc., which arc insoluble in water, are 
shaken with water and allowed to stand — the solid particles 
slowly settle down to the bottom. Such mixtures are obviously 
heterogeneous and are called suspensions, 'l^en a liquid b 
suspended in minute drops into anothtt liquid, the mixture is 
called an emulsion. Milk is an emuldion of J>utterfa^ etc., in 
water. Fig* 17 

Diftillatioii. — When an aqueous solution is evaporated it ^ 
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found that the water escapes as steam ; the steam may be condensed 
back into water by cooling. 

Distillation is the process of converting a volatile liquid into its vapour 
by boilingy and then condensing the vapour back to the liquid state by the 
application of cold : 

The process is useful in separating a volatile liquid from a non-volatile 
solid in solution or suspension. 



A sample of muddy water may be purified by distillation. The 
water is poured into the retort through an opening at the top, called 
the tubulure. The retort is then set on a wire gauze on a tripod 
stand, clamped in position and care.ully heated by a Bunsen burner. 
The water boils, giving off steam which is condensed back fro water 
in the receiver placed at the end of tlie stem of the retort ; this is 
pure water and is called the distilled water. The water collecting 
in the receiver is called the distillate. The dissolved solid and the 
muddy suspensions remain behind in the retort as a residue. 

After a time Ae stem of the retort and the receiver get warm, 
and the condensa^on of steam is not efficient. Hence, when larger 
quantities of liquid are to be distilled it is convenient to use a 

Uebig’s condenser. 

The muddy water for distillation is taken in a flask (called a distilling flask) with 
a side tube fused on to the neck. The side tube is connected by means^ of a cork 
with the inner glass tube of a Liebig’s condenser, itself surrounded by a wider jacket 
through whicli a constant stream of cold water is passed — the cooling water is passed 
in at the bottom, and out at the top of the condenser (fig. 19). The mouth of the 
flask is closed with a cork — a thermometer may be inserted in the vapour coming 
from the liquid. The flask is set up on a wire gauze on a tripod stand, clamfm 
in position. On heating the flask, the liquid boils, and the vapour, while passing 
through the cold inner tube of the Scondenser, condenses back to the liemid state 
and Gctllects in the receiver placed at the end of the condenser tube — the liquid 
coU^tkigsli the distillate, the dissolved solid left behind in the flask is die residue. 
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Distilled water is taken in a wash bottle (fig. 20) for common 
laboratory use. 



Fig. 19 


When stirred with water potasiiuni permanganate gives a pink solution. The 
•coloured solution on distillation, produces a colourless distillate of pure water ; the 
potjxssium permanganate renihins behind in the flask. 



Fig. 20 


Fractional distillation* — The process 
of distillation is useful to separate not only 
solution of solids in liquids^ but also 
solutions of liquids in liquids^ sometimes 
partially only. 

, When a solution of two volatile liquids 
wdth boiling points fairly apart, say, 
benzene and toluene with boiling points 
SO"' and 11U°G respectively, is heated in a 
distilling flask, each of the liquids gives 
off its V 2 ri>our — the vapours for|ned will, 
however, contain a greater proportion of 
the more volatile benzotas and a smaller 
proportion of the less volatile toluene than 
th^ original solution. The vapours on con- 
densation give the "distillate ; consequently 
the distillate is richer in benzene, and the 
liquid that remains behind in the flask is 
richer in toluene. This first distillate on 
second distillation, gives a second distillate 


which is still richer in benzene~the process may be repeated to finally 


yield a distillate which is pure benzene. 


The residual liquid in the flask after the first distillation, when 
put to distillation again, leaves a residue still richer in toluene — 
repeated distillation of the r^idual liquid, therefore, yields pure 
toluene as the residue. By repeated distillation, therefore, beuzone 
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and toluene can be completely separated. To improve the 

separation, a fracdonating column (hg. 21) is 

usually employed. fm 

The fractionating column is inserted between the 
distilling flask and the condenser. 

iSttrA a process of separation of volatile liquids V/ J 

by repeated distillation is known as fractional 
distillation, ^ J 

Sometimes the separation is partial only ; thus when Cy I 

a dUuU solution of hydrochloric acid is fractionally Jw 

distilled, it is po^ble to separate pure water on the one V / 

hand, and a mixture of hydrochloric acid and water j| 

containing 20.2 per cent hydrochloric acid by weight, S 

on the other. Vy 1 

A dilute solution of alchol on fractional distillation, K 

yields pure water, and a mixture of alcohol and water 1 

containing 95.57 per cent alcohol by weight. \ / S 

Vacttum Distillation. — ^The vapour pressure of a \ / 1 

liquid increases or decreases as the temperature rises or M 

falls. A liquid boib when its vapour pre-ssure becomes 1 

equal to the superincumbent pressure of air on its surface. yj 3 

The boiling point of a liquid, therefore, rises or falls I 

according as the super-incumbent pressure is increase^ or H 

decreased. Hence when the pressure on the surface of a 

liquid is reduced by creating a partial vacuum inside the 

distilling flask, the liauid boils and distils at a temperature 

less than its normal boiling point — the extent of lowering 

depends upon the degree of vacuum created. The 

distillation unit for this purpose is connected through a manometer to a pump (fig. 22} . 
Substances which decompose near about their boiling points at atmospheric pressure 



Fig. 22 


are usually distilled under reduced pressure. This is known as distillation in vacuum. 
Glycerine, for example, boils at 290”G with decomposition at atmospheric pressure, 
but when it is distilled under reduced pressure, its boiling point is reduced and the 
decomposition avoided ; glycerine, for example, distils undecomp^ed at 180° under 
under 12 mm. pressure. For a similar reason hydrogen peroxide is concentrated 
by distillation in vacuum. It mayefae safely distilled under reduced pressure— the 
boiling point at 68 mm. pressure is 84% and at 26 mm. is 69° ; but it decomposes 
And oxygen at 151°, which is its boiling point at 760 mm. 
^li^nated oyxa trapolation. 
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Destructive distillatiou.— When coal is heated out of contact 
with the air in a closed vessel, it decomposes into several volatile and 
non-volatile products, thus a gas is given off, called coal gas, a tar 
is driven off, and an ammoniacal liquor collects ; the non-volatile 
products arc the coke and the gas carbon. 

Such a process of heating a substance like coal out of contact with the air, 
when it decomposes into volatile and non-volatile products^ is known as destructive 
distillation^ also called dry distillation. 

The dry distillation of coal may be demonstrated in a very simple way. A hard 
glass test-tube is Atted with a cork and a delivery tube, as shown in the Ag. 23 — the 
end of the delivery tube leads into a test-tube which * 

acts as a receiver. Some coal chips are put in the 
hard glass tube, and then heated fairly strongly : 
a brown coal tar collects below an aqueous liquor in 
the receiver test-tube ; a gas issues out through the 
exist tube, which may be burnt with a sooty Harnc. 

The solid residue left in tlie hard glass tube is the 
coke. 

Sublimatio n. — It is a common 
experience that most solids when heated 
long enough, first melt into a liquid which 
then vaporises. But there are certain 
volatile solids such as ammonium chloride, iodine, camphor, etc., 
w’hich when heated pass directly into the vapour state without ever 
becoming a liquid — the vapour condensing into the same solid on 
cooling. The condensed solid is called the sublimate and the process 
sublimation. The sublimate has the same composition as the 
original substance. Thus when some ammonium chloride, also 
called saUarntnoniac, is heated in a dry test tube, the substance disappears 
from the bottom of the tube and reappears as a white deposit on the 
cool sides at the upper end of the tube ; ammonium chloride is said 
to sublime, and the white depo.sit is the sublimate. The peculiar 
thing to notice is that ammonium chloride does not melt, but turns 
into vapour without ever becoming a liquid, and the vapour condenses 
to the solid directly. 

Sublimation is. therefore, a process of vaporisation of cerUiin solids 
without previous fusion. 

The process of sublimation is sometimes used in the 
purification of substances. Iodine, for example, is purified 
by sublimation. Volatile and non-volatile solids may be 
separated by sublimation. 

To separate a mixture of ammonium 
chloride and sodium chloride. — Some of the 
mixture is put in a porcelain basin, and covered 
with an inverted funnel — the end of the stem of 
the funnel being closed with a paper plug. The 
basin is then slowly heated over a wire gauge 
(fig. 24), The ammonium chloride volatilises 
and collects as a white sublimate on the inner 
wall of the funnel. When no further sublimation 




Fig. 23 
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occurs, the flame is removed and the sublimate of ammonium chloride 
is scraped off on to a filter paper. The nonvolatile sodium chloride 
remains behind in the basin« 

To sepaiate a miartnre of sand, common salt, iron filings, and 
ssd-ammoniac. — Some of the mixture is spread on a sheet of paper, and the iron 
tilings are completely removed by brining a magnet several times over it — the iron 
tilings alone are attracted by the magnet. The rest of the mixture, after the removal 
of iron tilings, is put into a basin and covered with a funnel the stem of which is covered 
with a paper ^lug. On heating, the sal-ammoniac alone sublimes and deposits on 
the inner wall of the funnel. When no further sublimation occurs, the basin is allowed 
to cool ; the funnel is removed and the sal-ammoniac scraped off. T he residue of 
common salt and sand in the basin in shaken with sufficient quantity of v/arm water 
to completely dissolve out the salt, and filtered — the sand is the residue ; this is dried 
and separated from the filter paper. The filtrate on evaporation gives the common 
salt. 


Iron filings, sal-ammoniac, common salt and sand in a mixture. 
Bring a magnet 


Iron tilings 

Separated by the magnet 


White sublimate * 
Sal-ammoniac 


Residue 

Sal-ammoniac, sand and 
common salt ; sublime. 


Residue 

t Common salt & sand ; add water ; 
stir ; filler. 


Filtrate ; evaporte ; Residue 

residue is common salt Sand 

Crystallisation. — cold saturated solution of copper sulphate is 
prepared by stirring the powdered salt with water, so tliat an excess 
of solid is present ; the saturated solution is then warmed until all the 
solid remaining over has completely dissolved — a few drops of dilute 
sulphuric acid is added to the solution to prevent the decomposition 
of the sujphatc. The hot solutibn is poured into a basin and then 
allowed to cool slowly, when it is found that a portion of the 
copper sulphate deposits by itself from the solution in the form 
of solids with a regular and definite geometrical shape ; such 
deposited solids are called crystals and the process is known as 
crystallisation. 

A crystal is a homogeneous solid body bounded by perfectly plane faceSy 
and having a regular ard definite geometrical form, spontaneously assumed 
during its formation from a solution or from gaseous or liquid state. The 
geometrical form is an expression of the internal arrangement of tite 
atoms. 

Most substances in the solid state are crystalline. A crystal of 
coxii^mon salt is cubic, while alum forms octahedral crystals. Usually 
a piiice of solid substance consists of a large number of small crystsw 
have stuck together. 
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CSryafalliiie and amorphoufl aoUda. — Solids are classified as cfystalline or 
amorphous. Many substances, such astalum, common salt, sulphur, and ice, separate 
in the form of crystals when deposited in the solid state from a solution or from a 
homogeneous melt. Crystals, as already stated, have a characterisHe geometrical form — 
crystals are bounded by plane faces which cut one another at definite* angles. The 
atoms are arranged in a definite order, constantly repeated, in a crystalline solid. 

Amorphous solids, as their name implies, have no definite crystalline form. 
Pitch and glass are typical examples of amorphous solids. 

When a pure crystalline solid is heated there is a sharp change from the solid 
to the liquid state at a definite temperature, called the melting pont^ A Cfystalline 
solid has a definite melting point. 

The melting point of a pure solid is remarkably constant — the melting point 
of ice, for exarnplc, is used to fit the zero of a Centigrade thermometer. When an 
amorphous solid is heated it does not melt sharply at a definite temperature, but 
it gradually softens, becomes mobile, and eventually acquires the properties of a 
liquid ; amorphous solids can, therefore, be regarded as super-cooled liquids. 

When broken by a sudden blow, a crystal most easily breaks along certain planes ; 
a piece of mica splits up easily into thin sheets ; rock-salt breaks up easily into cubic 
or rectangular pieces. An amorphous solid, on the other hand, does not cleave 
along any particular plane when broken by a sharp blow, but fractures with equal 
ease in any direction. 

•The preparation of crystals. — Crystal?, may be prepared : 
(i) hy concentrating a dilute solution^ usually by heat^ and then cooling. When 
a 'hot saturated solution of a substance, say potassium dichromate, 
is cooled slowly, the substance deposits in the form of orange-red 
crystals i.e., in the form of* solids with regular and definite geometrical 
forms ; such deposits are called crystals and the process is known as 
crystallisation. In order to obtain crystals from a dilute solution the 
solution is taken in a basin and heated on a wire gauze until a drop 
of the liquid removed on the end of a glass rod begins to crystallise, 
indicating that the solution is saturated at a lower temperature. The 
substance then crystallises on cooling. Large crystals are not formed 
on rapid cooling. Slow and uniform cooling only gives large crystals. 

Seeding with a crystal of the solid in question often breaks 
super-saturation and hastens crystallisation, depositing large crystals. 
Thus, in order to prepare a large crystal of alum, a perfect crystal of 
alum is suspended into a clear solution of alum by means of a thread 
from a glass rod. As the solution slowly evaporates the solic^ deposits 
on the suspended crystal, which gradually grows in size. 

Evaporation of a solution at the ordinary temiferature also yields 
crystals ; thus a solution of sulphur in carbon disulphide deposits 
pale yellow rhombic crystals (fig. 25) of sulphur, by the spontaneous 
evaporation of the volatile solvent. 

(i) by solidifying certain fused substances : thus molten sulphilfr 
separates out in the form of needle-shaped crystals of monoclinic 
sulphur on solidification (fig. 26). 

(ii) by condensing the vapours of volatile solids : thus iodine sublimes 
on heating, giving violet vapours, which condense to the solid directly 
yielding dark-grey, shining crystals of iodine. 

Hydrates and anhydrous substances. — ^There are many' salts 
which form crystals of definite composition containing water ; subh.- 
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crystals are called hydrates. The water of hydration is commonly 
known as water of crystallisation. When copper sulphate, for 



example, deposits in the solid slate from its solution in water, it 
separates in tjac form of glistening blue? crystals of blue vitriol, 
CuS 04,5H20, which contains five molecules of water for every molecule 
of copper sulphate that separates. The water of crystallisation, 
therefore, forms an essential part of the composition of hydrates. 
Many salts, while crystallising from their aqueous solutions, sepaiate 
in the form of hydrates, e.g., blue vitriol, CuS04,5H20 ; green vitriol, 
FeSOjjyHgO ; potash alum, K2S04,Al2(S04)3,24H20 ; washing soda, 
NagCOgjlGHaO ; Epsom salt, MgS04, 7H2O. 

The crystalline shape of the hydrates depends upon their water of 
crystallisation. A hydrate may often be made anhydrous by healing, 
when the water of crystallisation is driven off ; thus when some crystals 
of blue vitriol are Jicated in a test tube, steam is driven off, and the 
crystals fall to a white powder* of anhydrous copper sulphate. When 
moistened, the white substance at once takes up water, and the blue 
copper sulphate ,is re-formed. The fact that anhydrous copper 
sulphate turns bjue in presence of a trace of water is used as a delicate 
test for water. 

The pirik solulion of cobalt chloride is sometimes used as 'invisible' or 'sympathetic' 
M, Any writing done on a paper with weak coball chloride solution vs practically 
invisible, but when the paper is held over a small flame the water of hydration of 
cobalt chloride is driven off, and the letters appear distinctly green or blue. 

Water is not an essential part of all crystals. Common salt, NaCl, 
potassium nitrate, KNO3, potassium chlorate, KCIO3, and ammonium 
chloride, NH4GI, are all anhydrous ; these salts crystallise without 
taking any water of crystallisation, and are, therefore, said to be 

anhydrous. ^ 

. v^ractional crystallisatioii. — Solids having different solubilities 
/tfntay often be separated from their mixed solutions and obtained in 
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the pure state by a process, called fractional crystallisation. When such 
a solution, is concentrated by heat, and allowed to cool slowlv^ it first 
gets saturated with the least soluble of the substances in solution, the 
excess of which, therefore, first deposits as crystals. Thus, when equal 
parts of common salt and potassium chlorate are dissolved in the 
minimum quantity of boiling water, and the solution allowed to cool 
it is found that the less soluble potassium chlorate separates first as crystals. 
These are filtered off, washed with a little water to dissolve out any 
adhering common salt, and dried. When not sufficiently pure, 
the crystals are often purified by re-crystallisation — the crystals are 
dissolved in a further quantity of boiling water and allowed to stand 
to cause re-crystallisation. 

The filtrate, on concentration and cooling, gives crystals of 
common salt which are similarly filtered, re-crystallised, washed, and 
dried. 

A further crop of crystals is often obtained on slight evaporation 
of the mother liquor, as the filtrate from the first deposit of crystals 
is commonly called. ^ 

* The process of crystallisation is very often used in tffc laboratory to obtain a solid 
in the pure state --the process may have to be repeated several times before a pure 
crystalline solid is obtained ; a crystalline solid is characterised by a sharp melting 
point. 

Madame Curie of radium-fame obtained a fraction of a«gram of radium salt 
from a ton of pitch blende by this process of fractional crystallisation. 

Determination of water of crystallisation. — The percentage 
of water of crystallisation in a given sample of a hydrate, say barium 
chloride crystals, BaCJ2,2H20, may be found out in the following 
way : 

A porcelain crucible together with its lid, is carefully cleaned and dried. It 
is then heated on a clay-pipe triangle with a Bunsen flame (fig. 7), and allowed to 
cool in a desiccator. The crucible with its lid is then weighed in a chemical balance. 
About 1 gm. of barium cJiloride is then put into the crucible and weighed again. 
The crucible is then heated on the triangle, first gently and then strongly for about 
20 minutes, with the lid kept partially open for the steam to be driven off. After 
the heating the crucible is allowed to cool in the desiccator, and the crucible with 
its lid and the contents is weighed again. The crucible* is again heated for about 
10 minutes, cooled and weight again. This weight should be the sa^ne as before ; 
if not, the process is repeated till the weight is constant. The results are entered in 


a tabic as follows : , 

Weight of crucible + lid » . a gm. 

Weight of crucible -f lid + barium chloride crystals b gm. 

Weight of crucible + lid + anhydrous barium chlbride c gm. 

Weight of barium chloride crystals (b— a) gm. 

Weight of water of ciTstallisation 

Weight of anhydrous barium chloride (c— a) gm. 


percentage of water of crystallisation — 100 x (b— c)/(b— a) 

Formula of barium chloride crystals. — Let the formula be BaGl^nHaO, 
i.e., anhydrous BaCl, : HjO == 1 : n. Therefore, as per above analysis : 

. weight of anhydrous BaGl, ^ 1 Xmol. wt. of BaGl g 

weight o? water of crystallisation n X mol,^ wt. of HgO 

of BaCI, = 208.3]. 
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The water of crystallisation in barium chloride crystals is 14.73 per cent. 


100-14.73 208.3 

14.73 18n 


the formula is BaCl2, 2H2O. 


The water of crystallisation of copper sulphate crystals. — It is usually 

determined by carefully heating the crystals on a 
watch glass in an air oven (fig. 27), because the 
copper sulphate itself is decomposed in strong 
heating over a direct flame. 

About 1 gm. of powdered copper sulphate 
crystals is put into a watch glass provided with a 
cover watch glass and a clip — the pair of watch 
glasses together with the clip being weighed 
previously, and weighed again. The watch glass 
with its content of copper sulphate crystals is then 
heated in air oven to nearly 250®G for about 15 
minutes, with the upper watch glass and the 
clip being taken out — the water of crystallisation 
is driven off as steam. The watch glass with its 
content of anhydrous copper sulphate is then 
cooled in a desiccator and weighed together with 
the upper watch glass and the clip. The watch 
glass is again heated for about 5 iiiinutcs, an^d 
cooled and weighed again as before. 'Fhc weight 
should be the same as before, if not, the process 
of heating, cooling and weighing is continued till 
the weight is constant. 

'File results are entered in table a*- 



Fig. 27 


allows 


Weight of watch glasses + clip a gin. 

Weight of watch ghisscs + clip -f- copjx r sulphate crystals b gin. 

Weight of watch glasses 4- clip -f anhvdroiis copper sulphate c gm. 

Weight of copper sulphate crystals (b -a; gm. 

Weight of water of crystallisation (h c\ gm. 

Weight of anhydrous copper sulphate gm. 


percentage of water of cristallisalion = 100 X (b ~c)/(b —a) — 3G*07 

Fornmla of blue vitriol. — Let the formula be CuS04,«H20, i.e., ibe ratii 
of anhydrous CuSO* to HgO — 1 : Therefore, as per above analysis : 

weight of anhydrous GUSO4 __ lx mol. wt. of CUSO4 
wt. of water of crystallisation ~ n x m^l. wt. of H 2 O 


- [mol. wt. of CUSO4 is 159.5] 
to — c) lOfl 


100-36.07 
"36.07 *18n‘ 


blue vitriol is GuSCl4,5H20. 


Efflorescence. — ^Thc stability of a hydrate depends on the 
pressure of water. vapour in tlic atmosphere vvithjyhLdtLU J_s iri contact., 
.Every TryHrate exhibits a definite vapour pressure at the temperature 
of the room ; whe n th is pressure is greater than the pressure of the 
wat er vapour ir. air, th^ hy3ralc~ T h^nqu est ion loses its water of 
cr^ sti[lisation, “^nd" falls to' a powder. i'Kus, the clear transparent 
CT) stals of washing soda, when exposed to the air, become opaque and 
white and crumble to powder. There is also loss in weight. The 
ch urge is due to the loss of water from the crystals — ^washing soda, 
|sra8(533,10H2O, losses 9 molecules of its water of crystallisation and 
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become coated with an opaque layer of the monohydrate Na2C08,H20. 
llic washing soda is an efflorescent substance, and the phenomenon 
is called efflorescence. 

Efflorescence is a phenomenon in which a hydrate crumbles to powder ^ 
when exposed to the air^ due to the loss of all or part of its water of crystallisation. 

Deliquescence. — T he vapour pressure of a solutio n is less than 
that of pure wate r— the more concentrated the sdlutionTs^TSe re^iTi^ 
ils Vapour pressure? The vapour pressure of very solubl^, substances, 
such as calcium chloride and caustic soda, for example, is very small 
indeed. It may be even 1 < ss than the vapour pressure of watci* vapour 
in the air : in such a case, the solids, when exposed to the air absorb 
moisture from the atmospnere and gradually dissolve in' it. They are 
known as deliquescent substances. Thus, when some calcium 
chloride is put on a watch-glass on the bench, it quickly draws moisture 
from the air, becomes sticky and finally dissolves. It is a good 
example of a deliquescent substance. Magnesium chloride, calcium, 
cliloridc, and caustic soda, etc., are all deliquescent. 

• Deliquescence is a phenomena in which a solid., when exposed to the 
atmosphere^ dissolves in the moisture it absorbs front the air. 

It is worth rcmcTiibering that pure common salt is not a deliquescent substance. 
The impure common salt contains small quantities of calcium and magnehiuni 
chlorides, and as such it becomes damp or deliquesces, when exjJosed to the air. 

( Some substances such as quick lime, glass, porcelain, black copper 
oxide, and anhydrous copper sulphate, aborb moisture on exposure to 
the damp air but do not dissolve in it : these are called hygroscopic 
substances. Deliquescent and hygroscopic substances arc 
consequently kept in closed bottles. 

Desiccation. — It is a process of drying, i.e., removing moisture 
from substances. Deliquescent substances like fused calcium chloride, 
fused zinc chloride, solid caustic potash, and 
phosphorus pentoxidc, etc., are the usual drying 
agents. Qpick lime and concentrated sulphuric 
acid arc also commonly employed. Silica gel is 
often used to remove moisture from substances. 

I'he desiccating agents should be capable of absorbing 
moisture only but having no chemical action on the suljstances 
to be dried. • 

Gases are usually dried by passing through such drying 
agents as quick lime, phospnorus 
pentoxidc and fused calcium chloride, 
etc., contained in drying towers (fig. 28) 
or U-tubes or by sending a stream of 
gas through wash bottles (fig. 29) 
containing sulphuric acid or a drying 
towei- packed with pieces of pumice 
soaked in the acid, liquids are best 
dried by keeping them in contact 
, with a suitable solid drying agent, 

Fig. 28 which is subsequently jemoved by 

filtration. Solids arc dried, according Fig. 29 

to their nature, in one of the following ways : 
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(a) At the room temperature for substances to unstable to be dried by 
heating. Such substances are dried in a desiccator (Hg. 31) which is an air-tight 
thick-walled glass vessel provided with a lid which fits accurately and perfectly air-tight 
the upper ground rim of the desiccator, which is greased. The desiccator is 
contracted at the middle — a circular perforated zinc-sheet placed on a shelf above 
the constriction, separates the upper from the lower half. I’lie air inside the desiccator 



Fig. 3(f Fig. 31 

is kept dry by putting such drying agents as fused calcium chloridti or concentrated 
sulphuric acid at the bottom. 'The substance to be dried is kept on a clay-pipc 
triangle in the upp^* half. A vacuum desiccator (fig. 30) is often used for quick drying. 
A desiccator not only dries a substance but also prevents it from coming in contact with 
atmospheric moisture. Hence hygroscopic substances arc kept inside desiccators after 
they have been dried by heal. 

(ii) At steam heat. — Steam oven (fig. 32) is used for drying up to 100®C. It 
is a double-walled copper vessel with a hinged door and a movable perforated 
shelf inside. The hollow space between the two walls is partially filled with water 
through an opening at the top — the water is kept boiling by heating the oven 
with a gas-burner from below, 
when the upper portion of the 
hollow casing is filled with steam. 

The substance to be dried is 
put on the shelf inside the oven 
where the temperature is nearly 

locrc. 

(iii) AlMive steam-heat — Air- 
■oven (fig. 2?) is used for drying 
above 100°C. It is a copper 
vessel with a hinged "door and a 
movable perforated shelf. 'The 
desired temperature is obtained 
by regulating the gas-burner with 
which the oven is healed. A 
thermometer inserted through a 
cork on the top of the oven records 
the temperature. 

Selection of drying agents 

•depends on the nature of the 
substances to be dried. Drying 
agents should only absorb the moisture but must not react with the substance to 
be dried. Basic substances arc, therefore, usually, but not always, dried by basic 
substances ; and the acidic substances usually by the acidic drying agents. An acidic 
oxide such as carbon dioxide, for example is dried by strong sulphuric acid or 
phosphorous pentoxide which arc themselves acidic or by fused calcium chloride 
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which does not absorb the gas. Sulphuretted hydrogen is acidic ; it is either dried 
by calcium chloride or phosphorous pontoxide, but not by sulphuric acid, since the 
latter reacts with sulphuretted hydrogen. Ammonia is basic and is best dried by 
quick lime which is also basic. It is not dried by means of calcium chloride since 
it absorbs the gas. Neutral gases like oxygen, nitrogen, carbon monoxide, nitrous 
oxide, etc., may be dried by any of calcium chloride, sulphuric acid, phosphorus 
pentoxide, etc. 

^ Separation of Ingredients of a mixture. — (t) Solids In a mixture. — 

Separation may be effected in different ways, e.g., 

(a) By solution. — When a mixture of sand and sulphur, for cx|^mplc, is shaken 
with sufficient carbon disulphide, sulphur dissolves. The solution is filtered — the 
filtrate on evaporation gives crystals of sulphur. The residue on the filter paper 
is sand. 

(b) By sublimation. — When a mixture of quick lime and iodine is heated, iodine 
forms violet vapours which may be condensed to a deep violet shining sublimate ; 
Jiine being non- volatile is left behind. 

(c) By difference in density. — Tin stone (a mineral of tin) is separated from earthy 
impurities by washing with a stream of water which carries away the lighter earthy 
matter (specific gravity 2.7), while the heavier tinstone (sp. gr. 7) is left behind. 

(d) By floatation. — When air is sent through a suspension of finely pulverised 

sand and zinc blende (a mineral of zinc) in water to which a little oil is added, a 
f^oth forms. This catches the zinc blende which floats, while the sand is wetted by 
water and sinks to the bottom. • 

(c) By magnetic attraction. — \ magnet separates a magnetic substance from its 
mixture with non-magnctic substances. Iron filings, for example, may be thus 
separated from sand. ^ 

(f) By fusion. — ^When a mixture of sand and lead is hcati^d, the latter melts to 
a liquid \jpon which sand floats. Easily fusible solids like sulpliur (m.p. 114®C), 
tin (m.p. 232®C), etc., may bo separated from rocky impurities by this mean^. 

(ii) Solids and liquids in a mixture. — Separation may be effected by : (a) 
Sedimentation and filtration. Coarse suspensions deposit on standing, the clear 
liquid from the top may then be decanted oft' carefully ; the liquid is, however, filtered 
from the insoluble solids for complete separation : (b) Distillation : Non-volatile 
solids in solution or suspension arc separated by distillation. 

(iii) Liquids in a mixture. — Separation i.s usually effected : (a) by fractional 
distillation, (b) by means of a separating funnel when the liquids arc immiscible 
and form separate layers, such as mixture of ether and water. 

(iv) Gases in a mixture. — Separation may be effected by ; (a) liquefaction . — 
When a mixture of hydrogen and carbon dioxide, for example, i.s cooled and 
compressed to a few atmospheres only, carbon dioxide ^lone liquefies and may be 
easily removed. When a mixture of sulphur dioxide and oxygen is cooled in a freezing 
mixture of ice and common salt, the sulphur dioxide alone liquefies, b 

(b) Different solubilities in liquids. — ^Traces of hydrochloric acd, for example, is 
removed from its mixture with chlorine by passing the iTiixcd gases through water 
in which the hydrochloric acid is much more soluble than chlorine. 

(c) Chemical absorbents. — ^Absorbents which selectively react with certain gases, 
forming non-volatile products. Acidic gases such !is carbon dioxide and sulphur 
dioxide, for example, arc separated from their mixture with neutral gases like 
hydrogen, oxygen, carbon monoxide, etc., by washing with a solution of caustic 
pota.sh. 

The gases may also be separated by diffusion. 

Extraction with a liquid. — A solution is sometimes extracted with another 
liquid which preferentially dissolves the solute. Wftien an aqueous .solution of 
hydrogen peroxide, for example, is shaken with ether in a separating funnel, the 
hydrogen peroxide dissolves mostly in the ether. Two distinct layers are formed — 
the top ether layer contains most of the hydrogen peroxide ; this is separated and 
taken into a basin. On keeping for sometfme the ether which is highly volatile 
evai^rates by itself, and the hydrogen peroxide remains behind as a colourless 
liquid. 
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Liziviation* — Lixiviation refers to extraction, i.e., dissolution of the soluble 
component of a solid mixture by means of a suitable solvent ; the term is usually 
used for large scale extraction only, e.g., lixiviation of kelp or black ash with water. 
The term leaching also refers to extraction with a solvent. 

Types of chemical reactions. — ^Different types of chemical 
changes are usually distinguished thus — (i) Synthesis. — It is a 
process in which a compound is formed by direct union of its 
constituents. Heated sodium burns in chlorine forming sodium 
chloiide. When heated in air, mercury forms mercuric oxide. 
Water is proauced when hydrogen and oxygen are sparked together. 
Ammonia combines with hydrochloric acid giving ammonium 
chloride. Carbon dioxide combines with heated quick lime 
forming calcium carbonate. 

2 Nr + CI2 = 2 NaCI ; 2 Hg + 02= 2 HgO. 

2H2 + O2 - 2H2O ; NH3 + HCl == NH,C 1 . 

GaO + GO2 = CaCOa. 

(ii) Analysis (also called decomposition). — It is a process in wheih 
u compound breaks up into two or more simpler substances. It is 
thus reverse of synthesis. When strongly heated mercuric oxide 
decomposes into mercury and oxygen. Acidulated water decomposes 
into hydrogen and oxygen on electrolysis. Chalk breaks up into 
calcium oxide an/l carbon dioxide on heating. Potassium chlorate 
yields potassium chloride and oxygen on heating. 

2 HgO = 2 Hg + 0 .> : CaCOg = CaO + CO. 

2KCIO3 (potassium chlorate) 2 KC 1 (potassium chloride) +3O2 

(iii) Displacement. — It is a process in which one clement 
displaces another from a compound and takes its place. A clean 
piece oi iron dipped in copper sulphate solution gets coated with a 
red deposit of copper, while iron goes into solution as ferrous sulphate. 
Zinc displaces hydrogen from sulphuric acid, forming zinc sulphate. 

Fe+CuS04 (copper sulphate) — Cu+FeS04 (ferrous sulphate). 

Zn+H2S04 (sulphuric acid) =H2+ZnS04 (zinc sulphate). 

c 

(iv) Isomerism. — ^A compound is said to undergo an isomeric 
change when it changes by internal rearrangement of its atoms into 
another substance wifh different properties but having the same percentage 
composition. Ammdhium cyanate changes into urea on heating. 
Ammonium cyanatc and urea are said to be isomers. 

NH4GNO (ammonium cyanale) = HgN— CO— NHg (urea). 

(v) Double decomposition or metathesis. — It is a process in 

which two compounds, usually acids, bases and salts, react chemically 
so as to exchange their constituent parts or radicals, producing two 
ijew compounds. When a solution of common salt is added to silver 
nitrate solution, they react chemically, producing a curdy white 
precipitate of silver chloride, and sodium nitrate which remains in 
^riution : • 


NaCl + AgNOa = AgCl + NaNOa 
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Calcium chloride solution reacts with a solution of sodium carbonate, 
giving sodium chloride and a white precipitate of calcium carbonate : 
GaCla + NaaCpa = 2 NaGl + GaGOj 

Precipitatioii. — ^When solutions of two substances are mbced 
together, an insoluble solid sometimes separate by double 
decomposition — the solid separating is called the precipitate and the 
process is known as precipitation. A heavy white precipitate of 
barium sulphate is produced by mixing together solutions of barium 
chloride and sulphuric acid : 

BaGlg + HaS04 = BaSO^ + 2 HG 1 

A black precipitate of copper sulphide is produced by passing a 
stream of hydrogen sulphide gas into copper sulphate colution : 
CUSO4 + HaS = CuS + H2SO4 

When hydrogen chloride (HCl gas) is passed into a saturated solution of common 
salt, pure sodium chloride, NaCJ, precipitates out in the form of colourless transparent 
crystals. 

(iv) Hydrolysis. — A compound is said to undergo hydrolysis 
when it is split up by water, either completely or partially, producing , 
niw substances. • 

PGI3+3H2O H3PO3 (phosphorous acid)+ 3 HGl 

NagGOg + H2O NaHGOg (sodium bicarbonate) + NaOH 

There arc many other tyi^s of reactions such as dissoication^ disproportionation, 
neutralisation, oxidation, reduction, catalytic reaction, etc. 

Modes of bringiag about chemical action. — Chemical changes are brought 
about by one or more of the following means : 

(i) Contact. — ^Yellow phosphorus takes fire in contact with iodine. Few 
crystals of iodine and small pieces of yellow phosphorus are placed in different parts 
of a basin — on bringing them in contact phosphorus catches fire. 

P 4- 31 - PI, 

(ii) Solution. — Substances are brought into closer contact in solution and hence 
react readily. Baking powder contains tartaric acid and sodium bicarbonate which 
do not react when dry ; on adding water a brisk reaction occurs with evolution of 
carbon dioxide. 

(iii) Heat. — Heating expedites most chemical changes, but there are reactions 

which occur only on the application of heat. Decomposition of hydrogen peroxide 
into water and oxygen is accelerated by h^t. Mercuric oxide, potassium chlorate, 
etc,, decompose only when lieatcd. , 

2 H 2 O 2 = 2HaO + O, ; 2HgO = 2Hg + O, 

(iv) Light.—Gortain reactions occur only in presence df light. When exposed 
to sunlight a mixture of hydrogen and chlorine explodes violently to form hydrogen 
chloride, but no action takes place in the dark. H, + Cl, = 21101. 

Silver salts are affected by sunlight and so also tlie photographic films which 
contain silver halides. 

Sound. — When mercury fulminate is exploded near acetylene, CiH,, the latter 
is decomposed into carbon and hydrogen. 

(vi) Pressure or percussion. — Chemical action may sometimes be induced 
under the influence of pressi.u*c. Finely powdered lead and sulphur may be made 
to combine together under high pressure, formi^ lead sulphide : Pb + S = PbS. 
Crackers which usually contain a mixture of arsenic sulphide and potassium chlorate, 
explode with a loud report on percussion. Gunpowder also explodes on percussion. 

(vii) Electricity. — Many chemical changes are brought about by electricity. 
Acidulated water separates into hydrog^ and tixygen on electrolysis. Nitric oxide 
is formed from its elements under the influence in dectric sparla. 

N, + Ot « 2NO 
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(viii) Catalyst* — Many chemical reactions are influenced by catalysts. Decoin* 
position of hydrogen ^roxide into water and oxygen is greatly increas^ in presence 
of finely-divided platinum which acts as a catalyst. 

2H,Oa = 2HaO + Oa 

Solution of i^sea in liquids. — Gases are only partially miscible with liquids. 
Carbon dioxide is fairly soluole in water. Air is only slightly soluble in water — 
dissolved air supports the life of aquatic animals. The amount of gas that would 
dissolve in a given quantity of water depends on : (i) the nature of the gas, (ii) the 
temperature and (iii) the pressure of the gas in contact with water. 

The ncutralcgases, c.g., hydrogen, oxygen, nitrogen, etc, are only slightly soluble 
in w'ater ; the acid (e.g., hydrogen chloride, sulphur dioxide) or alkaline gases (e.g.^ 
ammonia) are highly soluble in water, as they react chemically with it. Unlike solids, 
the solubility of a gas in liquids decrease with rise in temperature. The solubility 
of a gas, however, increases with pressure. 

Henry’s law. — ^The effect of pressure on the solubility of gas in liquids is given 
by Henry’s law which states : ‘Uhe amount of gas dissolved by a given volume of liquid at 
constant temperature is proportional to the pressure'* 

If w is the mass of gas dissolved by unit volume of liquid, i.e., concentration of 
gas in solution, at a pressure p, then 

w oc p, or w = sp, i.e., w/p = s, 

Hvhere x is a constant ; also concentration of gas in solution — s X pressure. But since 
pressure is a measure of the* concentration of the gas in the space above the liquicl, 
Henry's law is also stated thus : at a given temperature 

concentration of gas in solution 

— = constant — s. 

concentration of gas in gas phase « 

s is called solubility coefficient of the g£w in the liquid for the given temperature, and 
may be defined as the volume of gas dissolved by 1 c.c. of the liquid at the temperature 
of the experiment. If v be the volume of gas absorbed by V c.c. of liquid at t'" 
then solubility co-efficient s — v/V. 

^Reduced to N.T.P. s becomes equal to 273 X j/(273 + t). 

This is referred to as absorption coejficient of the gas which may be defined as the volume 
of gas, reduced to N.T,P., that is dissolved by 1 c.c. liquid at a given temperature and 
and under a pressure of 1 atmosphere ; solubility of a gas is often expressed by 
its absorption co-efficient S which is related to s by the expression : 

S - 273 X sH273+t), 

The solubility may also be expressed as weight of gas dissolved by 1 c.c. of liquid. 

Henry’s law is very nearly true for sparingly soluble gases. For carbon dioxide, 
the law holds at small pressures, but wide variations arc found at high pressures. 

The law «does not apply to very soluble gases, such as ammonia at ordinary 
temperature or hydrogen chloride, in water. At 100°C when ammonia is much 
less soluble Henry’s law ic nearly true. 

SolabSlity of mixture of gases.— According to Dalton’s law of partial pressures, 
the partial pressure of a gas is unaffected by the presence of other gases, hence its 
solubility would also be unaffected. Therefore, in a mixture of gases, the solubility 
of each gas is proportional to its partial pressure. 

Exercise. — ^The absorption co-efficients of nitrogen, oxygen and argon at 0°C, 
and the composition by volume of these gases in dry carbon dioxide-free air, are 
given. Find the percentage composition by volume of the gas expelled by boiling 
from water saturated with air at 0°G. The partial pressures of these gases in air 
at 1 atmosphere are proportional to the volume percentages. 


Gas 

Percentage 

Partial pressure 

Absorption 


by volume. 

in atmosphere 

co-efEcient 

Nitrogen 

. 78 

0.78 

0.0239 

Oxygen 

21 

0.21 

0.0489 


1 

0.01 

0,0530. 
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These gases dissolve in water in amounts proportional to their absorptionb 
co-efficients and to their partial pressures. 

Therefore, 1 litre of water dissolves from air at 0®G and 1 atmosphere. 

Nitrogen ... 1,000x0.0239x0.78 = 18.65 c.c. =63.3% 

Oxygen ... 1,000x0.0489x0.21 = 10.27 c.c. = 34.9% 

Argon ... 1,000x0.053 xO.Ol = 0.53 c.c. = 1.8% 

Total volume of gas dissolved = 18.65 + 10.27 + 0.53 = 29.45 c.c. 

/. ^ 13,65 100/29.45 = 63.3 ; %0* = 10.27 X 100/29.45 = 34.9, etc. 

When the dissolved gas is expelled by boiling, its percentage composition by volume- 
is 63.3% N 2 , 34.9% O 2 and 1.8% A. It is richer in oxygen and argon than original, 
air, since they have higher absorption co-efficients than nitrogen. 

Exercises 

1. What do you understand by the terms solution and solubility :* 

Describe fully how you would determine the solubility of potassium nitrate at 
the temperature of the room. Why is it necessary to specify the temperature while 
referring to the solubility of a substance ? 

2. Explain the terms saturated solution and super-saturated solution. How docs 
a solution differ from a compound ? 

One hundred grams of water dissolve the following weights of ammonium chloride 
at the temperature named : ** 

Temperature 0^ 10" 20" 30" 40" 50" 60" 80" 100" 

Substance 28.4 32.8 37.3 41.4 46.2 50.6 55.0 64.0 72.8 gram. 

Construct the solubility cuiwe of the substance, and from the curve determine 
the solubility of ammonium chloride at 24® and 70". " 

What information can be obtained from the study of solubility curves ? 

3. What is meant by (/) crystal, {ii) crystallisation ? 

Explain how you would grow a large crystal of alum. Has the rate of cooling 
any effect on the size of crystals deposited ? 

You are given a mixture of common salt and potassium nitrate. How would 
you obtain pure specimens of both the materials from the .solution ? 

4. What is meant by water of crystallisation ? Describe how you would 
determine the percentage of water of crystallisation in copper s\ilphate crystals. 
Copper sulphate crystals contain 36.07 per cent of water of crystallisation ; 5 grams 
of copper sulphate crystals are heated. Calculate the loss of weight. Ans. 1.3 

5. Explain the terms (i) efflorescence and deliquescence^ (ii) hydroxide and 
hydrate. Illustrate your answer with suitab]e examples. 

How would you find out if washing soda is efflorescent or deliquescent ? 

6. Explain fully wliat is meant by (a) distillation, (b) sublimation. 

How would you separate a mixture of ammonium chloride^and common salt ? 

A sample of muddy water is provided. How would you find if the water 
contained any dissolved salt in it, and how would you obtain a sample of pure water 
from it ? 

7. Describe how you would separate the ingredients in each of the following, 
noting the properties of the ingredients whicla help you in separating them : 

(i) a mixture of common salt and nitre, 

(ii) a mixture of silver chloride and lead chloride, 

riii) a mixture of iron filings and sulphur, 

(iv) a mixture of sand and chalk. 

(v) a mixture of sand and lead shavings. 

8. How would you separate : • 

(i\ a mixture of sand, chalk, and common salt, 

(li) a mixture of bromine, sodium sulphate and sand, 
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(iii) a mixture of iodine, common salt, and powdered glass. 

(iv) a mixture of hydrogen and carbon dioxide, 

(v) 5 a mixture of alcohol and water, 

(iv) gunpowder into its constituents ? 

How would you prove that the gunpowder is a mixture ? 

9. Explain the terms analysis and synthesis. Illustrate your answer with examples 
How would you separate water into its constituents ? 

10. Explain the meaning of the terms : (a) solution, (b) sublimation, (c) 
solubility, (d)*^ solubility curves. How are solubility curves drawn and what is their 
use ? 

11. State briefly the principal modes and conditions of chemical action. Give 
examples of each. 

12. The residue from 1 gm. of crystallised barium chloride after it had been 

heated till no further loss of weight occured, weighed 0.853 gm. What is the formula 
of the crystaUised salt ? Ans. BaCl 2 , 2 H 30 

13. Blue vitriol is represented by the formla GuS02-nH20 ; 1 gm. of the sample 

on being lieated, was reduced to a constant weight equal to 0.^ gm. Find the 
value of n. ^ Ans. 5 

14. ^Vrite notes on Henry’s law of solubility of gascS in liquids. 


PHYSICAL PROPERTIES OF GASES 

The laws governing the behaviour of gases under different conditions of 
temperature and pressure arc, to a large extent, independent of the nature of the 
gas. Boyle’s law (1662) states the effect of pressure on the volume of a gas. The 
law of variation of volume of gas with temperature was stated by Gay Lussac in 
1802 but often called Charles’s law, since similar ^results were obtained by Charles 
in 1787, although they were not published at that time. 

Boylc*s Law * — At constant temperature, the volume of a given mass 
of any gas is inversely proportional to the pressure. In oth^jr words, if pressure 
is brought to bear upon a known volume of a gas, this volum^. will 
decrease as the prcisure increases, and vice-versa, 

11 thctpressurc on a gas, for example, is doubled, its volume will 
be reduced to one-half of what it w^as originally, Mathematicsdly, 
the Boyle’s law mdy be stated in the form : temperature remaining 
constant, v oc 1 /j), or pv = k, 

where p is the pressure and v the volume of the given mass ojt gas^ 
and k is a constant. 

If Pi and Vj arc the pressure and volume of a given mass of^^a 
gas, and p 2 and Vg are t;he pressure and volume of the same 
of the gas consequent to some change in initial pressure or voluifsCy ’ 
Then 

p{Vi = k and p^Vj = k, so that p^Vj — p^v^ 

!lfoyle’s law is also known as Marriotlc’s law. 

C^irles’s law . — At constant pressure y the volume of a given msisSr ; 
ofy U^ iu$ igpmds by 11273 of its volume eit for ee^ If C 
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Stated in the symbols, 

V, = v+v. = 14- 

Vi v-i-v. 273 273^ 273 / 

where v is the initial volume of the gas at O^G and is the volume 

after the temperature has been raised to 

It is found that when t^ = — -273°G, the volume becomes zero, 
that is, if a gas were cooled to --273®G, it would have occupied no 
volume at that temperature^ which is called the absolate 
t emperaturei ®The absolute temperature is obtained by taking 
— 273°G as zero degree absolute. This is denoted by T. 

Thus, 0®G = 2'73® absolute ; t®G = (t+273)® absolute. 

Let Vi and be the volumes of a given mass of a gas at temperatures 

tj®G and tj^G respectively ; then : 


= y(-%p) and V, = V 


•. Vi _ 273+^ _ Tj V 

• • V, ~ 273 +tj ~ T* ’ • * t 


constant. 


Gonsequently, v oc T, when pressure remains constant. 


TAe volume of a given mass of any gas at constant pressure^ therefore, 
is directly proportional to its absolute temperature. This is'- an alternative/ 
expression for Gharles’s law. 

E<|uatiott of state, — The results of Boyle’s law and Charles’s 
law " may be combined in an expression giving a relation between 
temperature, pressure and volume of a given mass of a gas — such an 
equation is known as an equa tion of state. " ^ 

Sincefor a given mass of a gas : " 

(i) V oc 1 /p, when T remains constant (Boyle’s law) ; 

(ii) V oc T, when p remains constant (Charles’s law) ; 

V oc T/p, when both T and p vary. 


/. V = k p , where k is a constant, i.e., ^ = constant • 
for given mass of a gas. , 


This equation of state, pv/T = constant, implies diat for a given 
mass of gas, *any change of temperature and pressure would cause 
a corresponding change in volume, so that the quantity pv/T remains 
constant. 

If Pt, Vi, Ti and pg, Vg, Tj are the pressure, volume and temperature 
of a given mass of a gas under two sets of conditions then 



This equation enables us to find out the volume of a given mass 
of gas if its temperature and pressure are changed. 

For any conditions of temperature and pressure pv/T ~ constant* When the 
mass of gas taken is 1 gram molecule, the constant, then known as the molar gia 
conatmi^ is written as R. Hence the ideal gas law equation for 1 mole is pV » RTj| 

5 
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where V is the volume of 1 gram molecule of the gas, i.e., the molar volume^ at the 
pressure p and the temperature T. Value of R may be found out from the fact that 
one gram molecule of a gas occupies 22.4 litres at O^C and 1 atmosphere pressure. 
Then T =* 273® absolute, p =» 1 |itmosphere, V =* 2?.4 litres. 

, R =aa 1 X 22.4/273 « 0.082 litre-atmosphere per degree absolute per gram 
molecule. 

For n gram molecules of a gas, at the same temperature and pressure, the volume 
would be n times as great as for 1 mole ; let this volume be v, then thd above equation 
becomes : = nRT. 

■ Now, h = w/M, where w maa of gas, and M =s molecular weight of the gas. 
pv = nRT = wRT/M ; M = wRT/pv. 

Again, mass per unit volume, w/v = density of gas, d. 


M 


RT. 

pv p 


. From the above relations molecular weight of a gas can be calculated. 
Density of a gas. — ^Density of a gas is the mass per unit volume. 
Stated in symbols, d = w/v, or w = v X d, 


where w is the mass, v the volume and d the density of gas. 

At constant temperature the density of a given mass of gas is inversely proportional 
to its volume, i.e., if the Volume increases, the density will correspondingly decrease, 
i,e., docl/v. 

Now, at coiutant temperature v cc 1/p ; hence at constant temperature density, of given 
mass of gas is directly proportional to pressure^ 

i.e., T remaining constant, d oc p. ^ 

Again, at constant pressure v oc T ; hence, p remaining constant, dec 1/T. 
d oc p/T where both T and p vary, i.e., d = constant X p/T. 

• . p/dT = constant, , , Pi/^iT^ ~ Ps/^t'^s* 

The density of a gas, also called its normal density, is the weight 
in grams of 1 litre measured at a temperature of 0®C, and under a 
pressure of 760 mm. of mercury. 

One litre of hydrogen at ff.T.P. weighs 0.089873 gram. 

Normal temperature and pressure. — In order to compare the 
results on gaseous volumes measured under different conditions it is 
necessary to refer to some standard conditions of temperature and 
pressure under which the volumes are reduced. These standard data 
arc 0*^0 and a pressure of 760 mm. of mercury. They arc called 
standard (or normal] temperature and pressure^ and arc generally written 
Z&S.T.P. (orN-X-P.). 

' Sintiuratiim Psessure.— -A little ether, when, exposed to air, passes rapidly 
mto the vapoiv state by quick evaporation while mercury remains as it is, under 
a si^lar (^ndition, wi^oht evaporation. Ether is said to be a volatile and mercury 
a rum-volatile liquid. Liquids differ in their volatility : ether is more vc^atile than 
water. Vapours of liquids also exert pressure just like gases. When a clps^ space 
contains the maximum amoxmt of vapour of a liquid at a certain teii^>erature, the 
space is said to be saturated with the vapour and the pressure it thenexertsis its saturated 
vapour pressure. The saturated vapour pressure of a liquid is coxiiUuit id a certain 
temperature but is independent of the volume change. Just as these are unsaturated 
airi supersaturated solutions, so there are unsaturated and supo^tumte^ Vapours, 
^turam vapours do not obey Boyle’s and Charles’s laws but the unsatdlfit^ vapours 

Daitoft’. law of partM preunres. — ^In a mixture o£gasm 
'dn^not react chenucally, the total preasitre exerted by the i, 

of die 'parUgl petsutt of .each gas— the ^ 
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pressure each gas would exert if it were separately confined in the 
entire volume occupied by the mixture.>^ Thb is Dalton’s law of 
partial pressures. 

Suppose a vessel of volume v oontain and n| moles respectively of two gases 
A and B under a pressure p and at a given temperature T. Let p^ and p*" be die 
partial pressures of the two gases, i.e., p s p' + p'. 

V s=s Vi (volume of gas A) + Vj (volume of gas B). 

By Boyle’s law, pV = pvj, and p^v « pv,. 


Vi 


v.+v.PSP'^-P' 


Vi+v, P- 


Also, p'v = njRT ; pV = n,RT- 

(P' + P'')v = (ni + nj)RT, i.c., pv =» (n^ + n,)RT, 

„ 




ni + n. 


-p;p" 


ui+n* 





Alternatively let two gases of volumes v^ and v« at pressure p| and p^ respectivel y 
are mixed together ; let the volume after mixing be v, i.e., v «= Vi+Vg. Let the total 
pressure of the mixture be p, and the partial pressures of the two gases p' and p' 
respectively ; hence p = p' + p^. 

By Boyle’s law, pV — pjV^ ; pV = p^v,. 


p'’ 


Vi Vj 




^ V, 
V 


Ps 


V9 


Vi + V,. 


Pi* 


Pressure of gases collected over water. — ^When a gas is 
collected over water in a jar, the total pressure inside the jar is equal 
to the atmospheric pressiq^e, when the levels of water inside and 
outside the jar are the same. Since the gas collected is moist and 
saturated with water vapour i.e., it is a mixture of gas and water vapour, 
the atmospheric presstrre (P mm. of mercury) is equal to the sum 
of the partial pressure of the dry gas (p mm of mercury) and the 
partial pressure of saturated water vapour, also known as aqueous 
tension (f mm. of mercury) at the temperature at which the gas is 
collected. 


Stated in symbols, P = p+f ; /. p =s (P—f), 

i.e., pressure of dry gas =atmosphcric pressure— aqueous tension at t®C. 

t®G is the temperature at which the gas is collected. 

Let tlie volume of a moist gas at t®C = v c.c. ^ 
the barometric pressure = P mm. of merem v ; 
the aqueous tension at t®G ;= f mm. of mercury, 
the pressure of dry gas = (P—f) mm. of mfreury. 

Let the gas occupy a volume of v' c.c. at N.T.P., then by Boyle^s 
law, 

v^x760 v(P-f) , v.(P -0.273 
273 “ 273+t’°’’'^ “(273+t).760 

Another case arises when the levels of water inside and outside 
the jar are not.^e same. Suppose the water stands at a height h mm 
above the wat» in the trough, then the atmospheric pressiue a the 
pressure of dry gas + the aqueous tension + die pressure of h 
of water. 'Symboliially stated, P=p+f'4-h/13*59, 
since the density of mercury is 13.59 gm. "per c.c. 
p=(P~f-h/13-59). 

Kin.«le Xhaery of Qmm.— T he physical properties of gases may, be explained 
in tends of the. kmedc theory which is on tbe following assumptions : 
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(i) A gas is composed of a large number of minute particles, called m&Ucuks, 
which are moving at random in space, continually coUiding with one another or 
with the walls of the containing vessel. 

(ii) The molecules are supposed to be perfectly elastic^ i.e., they possess energy 
only in virtue of their translational motion and suffer no loss of translational energy 
due to inter*inolecular collisions. 

(iii) The molecules are so small that their actual volume is negligible compared 
to the total volume of the gas. 

(iv) The actual volume of the molecules is very small compared to the space 
they occupy^ i.e., the total volume of the gas, and the distances between them are 
so large that inter-molecular forces are negligible, i.e., there is no force of attraction 
or repulsion acting between the molecules. 

(v) The pressure exerted by a gas is due to the impact of the molecules on the 
walls of the containing vessel, while the gaseous diffusion is due to their random 
motion. 

(vi) Two gases are at the same temperature when the average kinetic energy 
of the individual molecule of each gas (which is a measure of its temperature) is the 
same. 

All the g^ laws, viz., Boyle’s law, Charles’s law, Avogadro’s law and Graham’s 
law of diffusion, find adequate explanations in terms of the kinetic theory of gases 
from which they can be deduced mathematically. 

Diffugion of gases. — ^The molecules of a gas are not in a state 
of rest, but are reaHy in a state of ceaseless chaotic motion. Thus, 
when some chlorine gas is led into the bottom of a gas-jar (which 
presumably contains air), it is found that the gas quickly spreads out 
into the jar so that its contents api>car uniformly greenish-yc Dow, 
although it is about two and a half times as heavy as air ; this is 
because its molecules are in rapid and random motion. 

When a gas-jar is filled with hydrogen and held mouth down- 
wards, the hydrogen rapidly passes out and air enters, as is evident 
from the observation that if a lighted ^aper is applied to the jar, it 
is found that no trace of the gas remain — the hydrogen, if present, 
would have burnt with a pale blue flame. This is another illustration 
of the random motion of the molecules ; the movement has taken 
place in opposition to gravity , since air, the heavier gas, moves upward 
and Hydrogen, the lighter gas, moves downward. 

Exactly for the same reasons, when a jar of hydrogen is inverted 
over ajar of carbon dioxide which is twenty-two times as heavy as 
hydrogen, the molecules of the two gases so intermix together that 
a perfectly uniform mixture is obtained. Such an intermixture of 
different non-reacting gases without the aid of outside agencies is due to the 
perpetual random motion of their molecules^ and is known as the phenomenon 
of diffusion. Regardfess of densities, all gases possess the property 
of diffusion ; the phenomenon of diffusion is independent of gravity. 

The foul smell of hydrogen sulphide in a chemical laboratory is ai^ utunistakablc 
proof of its diffusion in air. It is diffusion that spreads the fragrasi^ of flowers. 
Tear gas pervades a locality while used in dbpersing a chaotic mob. ^ ^ 

Graliam’s law of diflFosion. — light gas diffiise more rapidly 
than a heavy gas. ^ 

At a given temperature and pressure the rate of diffusion of a gas ^inversely 
pnporHonal to the square roof of its density. 

" Thus, oxygen is 16 times as heavy as hydrogen, and therefore diffuse V16 4 

slowly. 
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Carbon dioxide is 22 times as heavy as hydrogen, and therefore diffuses V22«4.69 
times as slowly. 

Mathematically, the law is stated as : r oc 


Consequently, 

**8 

where and d 2 are the densities of two gases, for which the rates 
of diffusion under identical conditions are r^ and r 2 . 

The rate of diffusion means the volume-rate, and iS measured 
by the volume of a gas diffusing per unit of time, and is usually 
expressed as : 



rate of diffusion = 


volume of di ff used gas in c.c . 
time in seconds. 


Experiments Illustrating diflfusion. — ^The phenomenon of 
diffusion may be demonstrated with the following 
experiments 

(i) A porous clay pot is fitted by means of a 
rubber bung to the longer limb of a bent tube 
containing some coloured liquid, such as a solution 
of potassium permanganate — the shorter limb of the 
tube ending in a fine jet (^g. 33). On inverting a 
beaker full of hydrogen over the porous pot, it is 
found that the coloured liquid spurts out through 
the jet in the form of a fountain. The explanation 
is simple. The molecules of hydrogen, the lighter 
gas, diffuse into the pot more rapidly, and therefore 
in larger numbers, than the molecules of air, the 
heavier gas, can pass out ; consequently, there 
occurs an increase of pressure inside the pot, and 
hence the liquid is forced out. 



(ii) One limb of a glass U-tube (fig. 34) 
is connected through a rubber bung to a 
porous ^pot G, contsuning air. The other 
limb has two platinum wires fused into it, 
A being in contact with the mercury in 
the U-tube, while B is just above it. On 
inverting a jar of hydi^en over C, the 
lighter hydrogen diffusing more quickly 
into the porous p5t than the air out of it, 
forces the mercury level in the right limb 
higher and higher up, ultimately causing 
it to touch B — the bell starts ringing at 
this moment as A and B form a circuit with 
an electric bell and battery. The marsh 
gas detector in coal mines work on the same 
principle. In the event of any marsh gas 
escaping from a *coal fissure intor the mine, 
p. the level of mercury in the right limb rises 

Fig. 34 2 aid establimes a contact between the battery 

and the bell, which starts ringing — ^dus serves as a warning to the minera 
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Diflusion finds c^tpUcaHons (i) in detennining the relative densities and molecular 
weights of gases, particularly when available in small quantities only ; 

(ii) in the separation of two gases of different densities — the process is called 
ftmfysis : 

(iii) in marsh gas detectors in coal mines. The spread of foul gases in air by diffusion 
is the cause for the necessi^ of good ventilation in rooms and mines which 
greatly dilutes the deleterious effect of such gases. 

Efibsioa of Gases. — Effusion is a process in which a gas is forced imder pressure 
through a small aperture in a thin metal plate exposed to the air. 

Graham'%law applies equally to the rates of diffusion and effusion. The law 
holds good whether the gas densities are expressed as normal or relative densities. 

Since twice the relative density of any gas is its molecular weight. 


“ ' 1 /!• =1 /— * 

d. Y M, 


where Mx and M| are the molecular weights of the two gases. 

d^^PLATHWM process of effusion is utilised to compare the 

vp plate. wiTd molecular weights of different gases in Bunsen’s effusiometer, 

I It consists of a glass tube open at the lower end and placed 

, in a cylinder of water (fig. 35). The upper end of the 

■ tube is closed by a stopcock which is attached to a glass 

ttube closed by a thin platinum plate in which a "very 
fine hole has been pierced — ^the stopcock communicates 
^ ^ . with the free air through this fine aperture. The tube 

iv trl is filled with a gas under examination to a level below 

zz' z'L A and the tap is opened — the gas streams out through 

££ £? the hole and the time taken for the water level to 

£5 zz. pass from A to B is noted by a stop watch. The 

- - experiment is repeated with a gas of known density, say 

oxygen. 

HI- ^ Z£ Let tx and tg are times of effusion of equal volumes 

of two gases of densities dx and d^ and molecular weights 

Fig. 35 

Let the volume of gases effused s v c.c. and rx and rt are the rates of effusion, 
then Ti v/tx and r, = v/t,. 

•' r. tj d, Y Ml 

For gases soluble in wnter, mercury is the liquid used. 

Exercises 

1. A gas occupi^ 100 c.c. at a pressure of 340 mm. of mercurv. What will 
be the volume at a pressure of 1000 mm., assuming the temperature to be constant ? 

We use Boyle's law : pressure X volume 3 : constant ; 

100 X 340 = 1000 XX, whence x = s 34 c.c. 

2. A litre of gas is measured at 20'’G. At what temperature will its volume 
bcl750c.c. ? 

We use Charles’s law ; ^ s* • 

li A j 

Vi « 1000 c.c. ; Tx « 273 + 20 « 293 ; v, = 1750 c.c. ; T, « x, 

. iflOO 1750 


We use Charles’s law ; — = 
li 


512.8^ absolute. 


Jjct the temperature be t^’C, tlftn 
Tf «x (273 t)** absolute 512.8^ abs. or t 


. 239.8®C. 
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3. Correct a volume of 234 c.c. measured at 756 mm* and 12*^0 to standard 
conditions. 

Standard temperature is 0°G » 273" absolute. 

Standard pressure is 760 mm. of mercury. 

We apply the general gas equation : 

Ti T, 

Pi =a 756 mm. ; Vj = 234 c.c. ; Tj = 273+ 12 = 285 ; 
p, = 760 mm. ; Vg = x ; T, = 273 ; 

. 756x234 VgX760 . 

•• “285~' ^ whence v,= 


4. 110 C.C. of hydrogen were collected over water at 18®C and 740 mm. pressure. - 

Calculate the volume of the gas at N.T.P. (a) taking account of pressure of water 
/apour.(15.4 mm. at I8®C), (b) neglecting the effect of the water vapour. 


w 


From the relation 


v(P^ f)273 
^ (273+0760 

yi760 _ v.P 
273 “ 


(273+t) 
V.P.273 


273 “ (273+t) 

_ 110.(740-15.4)273 
“ (2^3+18)760 

(aqueous tension neglected) 

110.740.273 


== 98.4 C.C. 


j}. =s — = — s= 100.5 c.c. 

^ (273 + 0-760 (273 + 18).760 

5. If the density of hydrogen is 0.09 gm. per litre at N.T.P., what is its idensity 
at 15®C and the pressure 750 mm. ? • 


PiVi Vs 
Ti “ T, 
760 _ 
0.09x273 


becomes • 

diTi 

750 


P. 

' dgTg 


daX(273 + 15)' 


, whence dg = 0.0842 gm. per litre. 


6. A gas is collected over water in a jar. The volume measured is 270 c.c. 
The height of water in the jar is 2|7>2 cm. The temperature of the eas is 27®C. Aqueous 
tension at 27®C is 26.75 mm., and atmospheric pressure is 750.75 nun. Calculate' 
the volume of the gas at N.T.P. Density of mercury is 13.6 gm. per c.c. 


Pressure of water column in the jar = 27.2/13.6 = 2 mm. 
Pressure of moist gas collected = 756.75—2 *= 754,75 jn.m. 
pressure of diy gas = 754.75—26.75 =* 728 mm. 

. vx 760 _ 270 x728 
273 ”(273+27) 


, or V = 235.4 c.c. 


7. A spherical balloon of 21 cm. diameter is to be filled ifp with hydrogen at 
N.T.P. from a cylinder containing the gas at 20 atmospheres and 27®G ; if the cylinder 
can hold 2.82 litres of water, calculate the number of balloons that can be filled up. 

Volume of a sphere = ‘/gwr*. 


Volume of spherical balloon = Vs X **/» X = 
Capacity of the cylinder = 2820 c.c. 


/. volume of Hg at N.T.P. 


2820x20x273 

300x1 


4851 C.C. 


51330 C.C. 


Of this total volume, 2820 c.c: of Hg (at ' 1 atmosphere) remain in the/lf lihder, so 
that only (51330—2820) » 48510 c.c. of the gas are available for filling the ^lloons. 
number of balloons » 48510/4851 » 10 only. 
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35. At 40 gm. of electrolytic gas are contained in a 60 litre gas-holder. 
What are the partial pressures of hydrogen and oxygen ? 

Hydrogen^ 0.8807 atmos. ; oxygen, 0.4403 atmos. 

36. The weight of 1 litre of a certain gas at N.T.P. is 1.44 gm. How many c.c. 

of hydro^n (normal density of 0.09) will diffuse in the same time that 20 c.c. of 
the gas diffuse under the same conditions ? 80 c.c. 

37. If 374.2 C.C. of hydrogen diffuse through a crack in 10 seconds, how much 

ethylene (density 14) wUl diffuse in the same time ? 100 c.c. 

38. Time of effusion of the same volume of pure oxygen and a mixture of oxygen 

and ozone are 1^ and 105 seconds respectively. Find the percentage by volume 
of ozone (density z4) in the mixture. 20.5 

39. Explain ^ what is meant by diffusion of gases. State Graham’s law of 
diffusion. Describe an experiment to illustrate die phenomenon of diffusion. The 
speeds of diffusion of carbon dioxide and ozone were found by Soret to be 0.29 : 0.27. 
Determine the density of ozone, that of carbon dioxide being 22. 

Allahabad Inter. Board, *46 ; 25.37 

40. ^ In 50 seconds 300 c.c. of oxygen diffuse through a porous plate. How 
long will it take 500 c.c. of chlorine to diffuse through the same plate ? Take the 
molecular weights of oxygen and chlorine to be 32 and 72 respectively. 

125 seconds 

41. Ladenburg found that ozonised oxygen containing 86.16 per cent ozone 
by volume required 430 seconds to diffuse, whereas the same volume of oxygCn 
required 367.4 seconds under Ihe same conditions. Find the density of ozone. 22.9 

42. 220 c.c. of a gas are collected over mercury in a tube of which the top is 

closed by a plug of plaster of Paris. The gas diffuses on standing, and the mercury 
level then stands at 297 c.c. Calculate the molecular weight of the gas if the amount 
of it which diffused <^t was 126 c.c. Density of air » 14.4. 74.76 

4X 300 c.c. of gas measured at 740 mm. pressure are passed into a vessel of 
500 c.c. capacity, which has been previously evacuated. What will be the pressure 
in the new vessel ? 444e mm. 

44. What is Graham’s law of diffusion ? Describe an experiment to show 

that hydrogen diffuses more rapidly than air. 16 c.c. of hydrogen were found to 
diffuse in 30 seconds. What volume of sulphur dioxide would diffuse in the same 
time under the same conditions. U. P. Board, ’51 ; 2.8 c.c. 

45. A soap bubble of 8 cm diameter, containing air at 27®C and 760 mm. pressure, 

is expanded until its radius is 8 cm., the temperature and pressure remaining constant. 
How many c.c.’s of air at N.T.P. are required for the expansion ? 1709 

46. 40 c.c. of oxygen measured at N.T.P. were confined in a tube of cross-section 

1.2 sq, cm. sealed at upper end, and standing in a trough of mercury, the column 
of which stood at a height* of 15.6 cm. The pressure of the atmosphere was found 
to be 756 mm. and the temperature of*the laboratory was 31°C. Calculate the 
length of the ffibe containing the gas. 47 cm. 

47. A cylinder of IQ litres capacity which contains oxygen under a pressure 

of 20 atmospheres at 27®G, b leaking at a constant rate of 5 c.c. of the gas (N.T.P.) 
per minute. Calculate the fall in pressure (in atmospheres) in the cylinder at the 
end of 10 hours. , 0.23 atmospheres 

48. How much additional pressure in atmospheres is to be applied to compress 

a gas contained in a spherical balloon at la tmosphere in order to make it fill another 
b^oon with 1/4 the diameter ? 63 atmospheres 

4dii;‘ A given mass of a occupies a volume of 2.5 litres at O^C and 76 cm. 
prcssuiHK of mercury. Find its volume at 546°G and 150 cm. pressure of mercury. 

3.8 litres 
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THE LAWS OF STOICHIOMETRY & 

ATOMIC THEORY 

As a result of the quantitative study of chemical changes the following 
Laws of Chemical Combination by weighty also called the Laws 
of stoichiometry, were arrived at towards the end of the 18th and 
the beginning of the 19th century. 

(ij The law of conservation of masSy 

(ii) The law of constant proportions. 

(iii) The law of multiple proportions. 

(iv) The law of reciprocal proportions. . 

CombinaticHi of elements to form compounds and chemical reactions in general 
are governed by these laws. These laws are purely experimental and are not based 
oj any theory. 

The law of conservation of mass. — ^The law was experimentally 
arrived at by Lavoisier in 1774. 

In a chemical change ihe total mass of the reacting substances is equal, 
within the limits of exptrimental error, to the total nuui of ihe products of 
the reaction {page 12). 

Since there is no gain or loss of matter accompanying a chemical change, every 
correctly balanced chemical equation is based on this law. 

The law of constant proportions, also called the law of 
definite proportions, was discovered by the French chemist Proust 
in 1799. The law states that : 

The same compound always contains the same elements combined together 
in the same definite proportions by weight. 

Irrespective of any method of preparation or source, water always 
cor tains the elements hydrogen and oxygen only, in the same 
proportion of 1 .008 to 8 parts by weight ; common salt (|oes contain 
the elements sodium and chlorine only — always in the ratio of 23 to 
35.5 parts by weight ; carbon dioxide is made up of the elements 
carbon and oxygen only and always in the fixed ratio of 3 to 8 parts 
by weight. Since elements combine in ^pfinitc ratios by weight, 
the composition of a pure chemical compound is definite and is independent 
of its method of preparation. 

The law is implied in the very definition of a compound. Accordinp' to the law 
of defiiute proportions, a particular compound has a fixed and definite chemical 
composition, but the conveise is not always true : the same elements, for example, 
may combine in the same mass proportion to form different compounds, each with 
characteratic properties — these different compounds of the same composition are 
called ismers and the phenomenon is known as isomerism (page 60). 

The law may .be v<^ed b^ preparing the same compound in different ways 
and analysing the samples obtained. The lAw received its confirmation from the 
classical ^crimental works of Stas (1865). 
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The eaelyiie ot hleck oxide of copper. — ^Different samples of the oxide are 
prepared by : ^ 

=* (i) dissolving some copper turnings in 1 : 1 nitric acid and evaporating to 

dryness : the green copper nitrate that is formed, decomposes on strong heating 
to yield alack cupric oxide. 

(ii) dissolving some copper turnings in nitric acid and adding an excps of sodium 
carbonate solution, when blue copper carbonate is precipitated ; this is filtered, 
washed, dried, and ignited to give cupric oxide. 

(iii) dissolving some copper in nitric acid as before and adding an excess of 
sodium hydroxide solution, when blue copper hydroxide is precipitated ; the precipi* 
cate on boiling, is converted into hydrated copper oxide ; this is filtered, washed, dried 
and ignited to yield cupric oxide. 



Fig. 36 


A small amount ot each of the three different samples of cupric oxide, say about 
1 gm., is put in a tared porcelain boat, and weighed again. The boat with its contents 
is then carefully heated in a stream of hydrogen gas in a long, hard glass tube, when 
cupric oxide is reduced to roM-red metallic copper (fig. 36). The boat with the 
reduced copper u then cooled in a slow stream of hydrogen in the tube, and weighed 
again. The results are enfered as follows : 


gm. 


Weight of the boat a 

Weight of the boat -f- copper b 

Weight of the boat + cupric oxide c 

Weight of cupric oxide (c~a) 

Weight of copper (b— a) 

\ycight of oxygen (c — b) 


/. % of Cu = (b-a) X 100/(c -a) ; % of O, = (c~b) x 100/(c-a) 

The actual result is t % of Gu = 79.89 ; % of O, = 20.1 1. 

In other words, in each case the copper oxide contain copper and oxygen in the 
ratio of 63.57 to 16 parts by weight. 

The analyeis of silver chloriile. — Silver chloride is prepared by : 

(i) dissolving a known amount of silver, say about 0.5 gm., in 1 ; 1 nitric acid 
and adding an excess of hydrochloric acid to the silver nitrate which is formed — the 
silver chloride which precipitated, is hltered, washed, dried and weighed. 

fb) heating a known weight of silver, about 0.5 gm., in a current of chlorine 
gas ; about 0.5 gm. of silver is accurately weighed out in a tared porcelain boat and 
heated in a cumnt of chlorine gas in a glass tube until the silver is completely 
converted' into silver chloride — the bodt with its contents is then cooled and weighed 
again, tlm results are entered as follows 
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gm. 

Weight of boat - a 

Weight of boat + silver b 

Weight of boat 4 - silver chloride c 

/. Weight of silver (b—a) 

Weight of chlorine (c—b) 

Weight of silver chloride (c—a) 


/. % of Ag = (b-a) X 100/(c~a) ; % of Cl, « (c-b) x 100/{c-a). 

In eadh case it is found that silver and chlorine combine in ihc ratio of 107.88 to 
35.457 parts by weight. 

The law of multiple propordoiis. — ^This law arrived at 
by Dalton in 1803 as a result of some theoretical reasoning about 
gases. 

When two elements combine to form more than one compound^ the several 
weights of one element which combine with a fixed weight of another element 
are in the ratio of small whole numbers. 

Illustrations. — (i) Let us consider water and hydrogen peroxide. 
In water HaO, 1.008 parts by weight of hydrogen combine with 8 
parts by weight of oxygen ; in hydrogen peroxide, HaOa, 1 .008 parts 
by weight of hydrogen combine with 16 parts by weight of oxygen. 
Hence, the same weight, 1.008 parts by weight of hydrogen unite 
with 8 and 16 parts by weight of oxygen in water and hydrogen 
peroxide respectively. 8 and 16 are in simple ratio of 1 : 2 

Compound • Composition by weight Simple ratio 

Hydrogen Oxygen • of owgen 

Water 1,008 8 

Hydrogen peroxide 1.008 16 1:2 

(ii) In the five oxides of nitrogen, nitrous oxide, nitric oxide, 
nitrogen trioxide, nitrogen tetroxide and nitrogen pentoxide, the 
weights of oxygen combining with a definite amount of nitrogen are 
in the ratio of 1 : 2 : 3 : 4: 5. 


Oxdes of nitrogen 

Nitrous oxide, N^O 
Nitric oxide, NO 
Nitrogen trioxide, N,Os 
Nitrogen tetroxide, Nj 04 
Nitrogen pentoxide, NaCDs 


Composition 
Nitrogen 
14 
14 
14 
. 14 
14 


by weight 
Oxygen 
8(1x8) 
16(2x8) 
24(3x8) 
32(4x8) 
40(5x8) 


(iii) In the following hydrides of carbon, acetylerlte, ethylene, 
ethane and methane, 12 parts by weight of (rarbon combine with 
1 .008, 2x1 .008, 3 X 1 .008, and 4 x 1 .008 parts of hydrogen 
respectively — these weights are in the ratio of 1 :2:3:4. 

Compound * Composition by weight 

Carbon Hydrogen 

Acetylene, GaHa 12 1.008 

Ethylene, CaHa 12 2x1.008 

Ethane, G,Ha 12 Sxl.OOQ 

Methane, CH4 12 4x1.008 

(iv) The two oxides of copper, namely black cupric oxide and 
red cuprous oxide, illustrate the law. 


Compound 

Cupric oxide, CuO 
Cuprous oxide, GuaO 


Composition by weight 

°Tr ^ 

16 63.57x2 


, ratio tf copper 

1 ^: 2 . 
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(v) The three oxides of carbon also illtistratc the law. 

# Compound Composition by weight Simple of carbon 

Oxygen Carbon 

Carbon dioxide, COj 8 3 

Carbon monoxide, CO 8 6 1:2:3 

Carbon suboxide, CgO, 8 9 

The law of reciiiqrocal piroportions. — ^The law was discovered 
by Richter in 1792, and is also called the law of equivalent 
proportions br the law of combining weights. The law states : 

The weights of two or more elements which combine separately with a 
fixed weight of another element^ are either the weights in which these elements 
combine with one another or are simple multiples of them. 

In other words, the proportions in which any two elemwts unite 
with a third element are the proportions or a simple multiple or 
submultiple of the proportions in which they combine with each 
othet. 

llliMrtradons* — (i) Let us consider hydrogen, sodium, chlorine and their 
esmpounds sodium hydride, hydrogen chloride and sodium chloride. 

CompouTid ^ Composition by weight Ratio of equivalents 

Sodium hydride, NaH H : Na « 1 : 23 

Hydrogen chloride, HCI H : Cl = 1 : 35.5 Na : Cl : 23:35.5 

Sodium chloride, NaCl Na : Cl = 23 : 35.5 

With respect to cbmbination with hydrogen, the equivalents of sodium and 
chlorine are 23 and 35.5 respectively. Sodium and chlorine should, therefore, 
combine in the ratio of 23 : 35.5. In sodium chloride the ratio is 23 : 35.5. 


(ti) Consider the elements carbon, hydrogen and oxygen. 


Composition by weight 

H:C«1 :3 
H;0«l;8 
G:0 = 3:8 
G;0 = 3:4 


Ratio of equivalents 


G :0 = 3 :8 


Ratio of equivalents 
G : S » 3 : 8 


Con^omd 

Methane, CH 4 
Water, H,0 
Carbon dioxide, CO| 

Carbon monoxide, GO 

The equivalents of carbon and oxygen are 3 and 8 respectively. Carbon and 
oxygen should combine in the ratio of 3 : 8 by weight or in simple multiple or 

submultiple of this ratio. In carbon dioxide the ratio is 3 : 8 and in carbon monoxide 
it is 3 ; 4 (4 is a submultiplq of 8 ). 

{Hi) The following compounds also illustrate the law : 

Compound ^ Composition by weight 

^^rbon dioxide, GO) < C : O = 3 : 8 

Sqlphur, dioxide, SOc, S ; O ~ 8 : 8 

G^bon disulphide, CS, G : S = 3 : 16 

Garhofi ^d sulphur should combine in the ratio of 3 : 8 or in their simple 
multiples ; in carbon disulphide the ratio is 3 ; 16 ; 16(2 x 8 ) is a multiple of 8 . 

(ir) Examine the following compounds of carbon, hydrogen and oxyjgea. 
Qnnpov^ Composition by weight Ratio ofe^iqalents 

'WatcrlHtO H:0»l:8 

Carbon diosdfde, GOt G : O 3 ; 8 

Methahe,GH 4 H;C«l:3 H:G»1:3 

myient, O 4 H 4 H : C » U 6 

Active, H : G » 1 : 12 

.an<i should combCne in , the ratio of 1 : 3 by weight or in their 

a|A^#mliBples I in methane the ratio is l x ^,'in ethylene 1 : 6 , and ia acetylene' 
12 arc multiples of 3, 
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The atoinie theory. — The idea matt<^ is composed of 
ultimately indivisible particles is as old as natural philosophy. Ip 
bas been vaguely supposed from very early times by the ancient 
philosopher Kanad and the 
Greek philosophers Leukippos 
and Demokritos (about 450 
B.C.) that matter is composed 
of very minute indivisible 
particles, called atoms. Their 
metaphysical speculation was 
developed by the English 
scientist John Dalton in 1803 
into a scientific theory which 
asser..s that : 


(t) All elements are composed 
of very minute particles of matter 
called atoms, which remain undivided 
in all chemical changes, 

* (it) Each kind of atom has a 
definite weight, but the atoms of 
different elements differ in weight. 

(Hi) All the atoms of 4he same 
element are identical with one 
another in all respects, particularly 
in weight. 

Atoms of dfferent elements are 
themselves different having different 
properties, such as weight, chemical affinity, etc. 

(iv) Chemical combination takes place by the union of atoms of the elements 
in simple numerical ratios, 1:1, \ i2, 2 : 3, etc. 



John Dalton (1766 — 1844). 
Fig. 37 


The atom, therefore, is the smallest particle of an element which can take 
part in a chemical change. 

It is not out of place to mention here that according ^o the original assumption 
of Dalton's atomic theory an atom was the smallest particle of ail kinds of matter, 
be it an element or a compound. The smallest particle of an element was called 
a 'simple atom' and that of a compound was called a 'compound atom'* A ‘compound 
atom* was formed by the union of atoms of different elements in simple proportions; > 

limitatioiia of Dalton’s Theory. — ^The enunciation ofJDalton’s atomic theory 
gave a powerful stimulus to experimental researches in the beginning of the 19tn 
century. Though each kind of atom has a definite weight,^i!tie, theory provided no means 
of determining even the relative weights of atoms. He asserted that, the combining 
weight of an element was its atomic weight and that if only one compound of two elements 
were known, it was formed of one atom of each element. In water, for examjde,^ 
1 part by weight of hydrogen unites with 8 part? by weight of oxygen ; hence assuming ^ 
that water contains 1 atom each of hydrogen and oxygen (the formula |br water 
being HO as Dalton assumed), the atomic weight of oxygen comes o^t to be 8, ^at 
of hydrogen being taken to be one. Berzelius, on the other hand, assumed that 
water contained 2 atoms of hydrogen and 1 atom of oxygen, its formula being H|0 ; 
and hence : ' 


1 ^ 2 X atomic weight,of hydrogen 
* 1 X atomic wei^t of oxygen 

atomic weight of oxygen 16, (at. wt. ofH aa I) 
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^ weig&s can anly^ determined the ratio in wkieh atoms ef elements Jimbine 

In general, - 

g n b 

where p and q are the combining weights (i.e., the equivalent weights) of tWo 
elements ; a and b their atomic weights, and m and n the number of atoms of each 
element which combine. 

Let^, m and a denote the equivalent weight, number of atoms, and atomic weight 
of hydrogen respectively, hence p =* I and a ~ 1. 

.*• \ or b = gi where — = the ratio of number of atoms of 

g n b ji ^ ’ n 

hydrogen to those of another element. But since one atom of hydrogen never 
conibmes with less than one atom of any other element, it has the least combining 
capacity and is taken as unity. Hence m/n represents the number of atoms of hydrogen 
with which one atom of the element combines ; hence m/n = the valency of the 
element. 

b vxq, i.e., atomic weight = equivalent weight x valency. 

The' atomic theory and the stoichiometric laws. — ^Thc laws 
of chemical combination by weight were all explained by the atomic 
theory — ^it being the only piece of evidence for the theory when it was 
•proposed. But since then convincing physical demonstrations of real 
cbdstence of atoms have placed the theory beyond all reasonable 
doubt. 


(i) Law of conservation of mass. — ^The weight of a chemical 
system is the suip of the weights of all the atoms in it. Chemical 
change involves merely a re-arrangement of atoms whose mass is 
constant and which remains unaltered during any chemical process. 
Hence no change of mass results in the re-grouping of atoms in a 
chemical reaction. That is, the weight of the system remains constant, 

(ii) Law of definite proportions. — ^According to the atomic 
theory a compound is formed by the union of atoms in a simple fixed 
ratio. 


Let X atoms of an element A unite wither atoms of another element 
B to form the molecule of a compound A^vB^^. Let the atomic weights 
of the elements A and B be a and b grams respectively. According to 
Dalton’s atomic thooijy, the atomic weight of an element is constant 
and hence the atomic weights a and b are constant ; and also the 
ratio r to jp is fixed for the compound hxl^y. Hence in all samples of 
the ratio 

weight of A _ atomic weight of A ^ xxa __ 
weight of B xatomic weight of 15 yxb ~~ 

That is, the compound" AxBy has a constant composition. Hence 
the deduction of the law of definite proportions. 

(iii) Law ef multiple proportions. — Let the two elements A 


(at wt. a) and B (at. wt. b) combine to form the compounds AxBy. 
Ain 1^^'aud Ap Bq in the simple ratio of atoms, x ly^ m :n and p : q 
r^pei^vely.' The proportions by weight of A and B in th^ 
copiponnds are ; 

Gpinpound Proportion by weight of A aad 

Ax By ^ ax : by or a : by/x 

Am Bn am : bn or a : bn/m 

ApBq ' 9 ;bqQra:bq/p 

Let by/x s^= d, bo/m =» e, bq/p « f. 
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The different weights of B combining with a fixed weight, namely 
a parts by weight of A are d, e and f ; their ratio is : . » 

d : e : f by/x : bn/m : bq/p = ymp : xnp : qxm. 

Now, since x, y, m, n, p and q are small integers, their products arc 
also small whole numbers. Therefore, the ratio ymp : xnp : qxm is 
a ratio of small whole numbers and hence the law is deduced. 

Taking the hydrocarbons acetylene CaHs, ethylene GaHi, and methane CH« 
for AxBy, AtuBn and ApBq respectively, x » 2, y » 2, m «= 2, n » 4, q ** 4, 

and the ratio ymp : nxp : qxm « 1 : 2 : 4. 


(iv) Law of reciprocal proportions* — Consider the elements 
A, B and G, their atomic weights being a, by and c units respectively. ' 
Let A separately combine with B and G to form AxBy and AmCa in 
simple ratio of atoms, x :y and m : n, respectively ; let p atoms of B' 
combine with q atoms of C to form The proportions by weight 

of A, B and G in these compounds are : 

Compound Proportion by weightj 

Ax By ax : by or a : by/x 

Am Gn am : cn or a : cn/m 

^ BpCq . bpicq 

I^t by/x = d and cn/m = e. The weights of B and C combining 
with a definite weight, namely a parts by weight of A are d and c. 
According to the law of equivalent proportions B and C should, 
combine in the ratio of d : c or in simple multiple of diis ratio. In 
BpCq B and C combine in the ratio of bp : cq by weight. Therefore, 
bp : cq should be equal or simply related to d : e. 

Now, d : e by/x ; cn/m » bym ; cxn. 


, bp bp X ymxn bvm x pxn d X pxn 

also ss> as ’ ■ - ■ ■ ■ 

cq cq X ymxn cxn X qym c x q)™ 


Since x, y, m, n, p and q are small whole numbers, their 
products are also small whole numbers. Therefore bp/cq is 
either equal to d/e (when pxn = qym) or simply related to 
it, since pxn is a whole number, and so also qym, and hence the law. 

Taking CH4, CO, and HgO for AxBy^ AmCn and BpCc| respectively, it « I, 
y=a4, m»l, ns* 2, p==2 and q » 1, ^ /, pxn « 4 and qym « 4 . 

Tbat is bp/cq is equal to d/e. * 


The law of gaseous volumes * — Under the same conditions of 
temperature and pressure the volumes of gases entering into a »hemical(reaetimA 
heat fl simple ratio to one another and also to the product^ if gaseous, 

This law was arrived at by tlie French scientist Gay Lussac in 
1808 from a study of the reacting volumes of gases. 

Experiments show that under the same conditions of temperatuio 
and pressure : * 


(i) One volume of hydrogen combines with one volume of cMoHn# 
to form two volumes of hy^ogen chloride ; and hence die ratio of 
their volumes b 1 : 1 : 2. . 


^ (li) 2 volumes of hydrogen combine w^th one volume of piwgen , 
•to form two volumes of steam. Therefore* the required raao 
2 : 1 2 * " '■ 


6 



mTBftMXOtA'nb'OltBMBfRr 

(iUJ I volume of nitmgto combines vdth 3 volumes bf bjskogea 
to yield 2 voliunes of a^auhonia ; coiisequendy« the todo \stH$y2. 

(iv) 1 vdlume of nitrogeli comWes with 1 volume of bxygea fo 
produce 2 volumes bf nitric oxide^ tod hence the ratio is 1 : 1 J 2- 

Gay Lussac’s Ikw of gaseous Volume is, therefore, a' generalisation 
^of experimental results. 

Adop^pn of Avogadro’a hypothesis. — ^Dalton’s atomic tlmry 
•assums that : Elements combine in simple ratio by fltoms : While Gay 
Lussac’s law of gaseous volumts, experimentally arrived at^ asserts that : 
Gases combine in "simple ratio ^ voium^. Consequently for chemical 
reaction between gases, there must be some simple relation between 
the volumes of gases and the number of atoms contained in them. 

The Swedish chemist, Berzelius, correlated the Gay Lussac’s law 
and Dalton’s atomic theory in the hypothesis : 

Equal volumes of all gases at the same temperature and pressure contain 
the same number qf atoms. 

The term atom ijicluded Dalton’s ^compound atoms.* 

But when applied to interpret experimental facts, Berzelius’s 
hypothesis led to a conclusion which was in direct conflict; with the 
fundamental gumption of Dalton’s atomic theory that atoms are 
indivisible. Thus, it is found by experiments that one* volume of 
hydrogen unites with one volume of chlorine to form 2 volumes of 
hydrogen chloride. 

Let n represent the number of atoms present in one volpme of 
hydrogen. Then, by Berzelius’s hypothesis, n atoms of chlorine 
arc also present in one volume of chlorine, and 2n compound‘d aSoms 
of hydrogen chloride are present in two volumes of it. Hence, 

n atoms of hydrogen unite with n atoms of chlorine to give 
‘compound atoms’ of hydrogen chloride, 

/, 1 atom of hydrogen unites with I atom of chlorine to give 
2 ‘compound atomi^’ of hydrogen chloride. 

ot ^ atom of hydrogen unites with J atom of chlorine to give 
1 ‘compound atom’ of hydrogen chloride. 

’ ^ ’The result goes against the atomic theory, since atoms, according 
to Dalton’s atomic theory, are indivisible. Berzelius’s hypothesis was 
therefore, vigoro-isly disputed by Dalton. There was utter confusion 
Ibr some time in the realm of chemistry, and the hypothesis was 
ultimately rejected. Daltcwi’s atomic theory could hot be reconciled 

« *tth Gay Lussac’s law, since the f<M*nier made ho disdnetion between 
ultimate particles of elements and compounds. The dURoilty 
however, overcome in a surorisingjiy simple way hy iht ttedian 
jdentist Amadeo Avogadro in 1811. ' 

jLuame’s law and p«dt^*s dieo^ were 

' ^vogiulro who dBatingidsbed i between two ]i^<4 of 

ito::pard^e8r>ito4#iv>,i^*to^snd&molecitle. < . v 

■ ' ' ' ■ 4 
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An aimi is ths smaUest particle^ of an eUment which can take fitri in a 
chemkeAckmge.^'^ff 

A molecule is die stff&^Usi particle of an element or a compound which 
can exist in the free staU. 

Consequently, thi^ smallest unit of matter which can exist in a gas 
is not an atom but a molecule. So the volume of a gas is related, to 
the number of molecules present in it. This is stated in Avogadro’s 
hypothesis. • 

Avogadbro’a hypothesis.’*' — Equal volumes of all gases under the 
same conditions of temperature and pressure contain the same number of 
molecules. 

The hypothesis correctly explains experimental facts. Thus it is 
found experimentally that : 

1 volunae of hydrogen unites with 1 volume of chlorine to give 
two volumes of hydrogen chloride. . 

Let n be the number of molecules present in 1 volume of hydrogen. 
Hence, by Avogadro’s hypothesis : , 

fi molecules of hydrogen unite with n molecules of chlorine to 
give 2n molecules of hydrogen chloride. ' 

or 1 molecule of hydrpgen unites with one molecule of chlorine 
to give 2 molecules of hydrogen chloride. 

or 1 molecule of hydrogen chloride is obtained from i molecule 
of hydrogen and J molecule of chlorine. 

This is not against the atomic tlieory, since molecules are not, 
indivisible. The molecule can be split up into its constituent atoms. 
The Avogadro*s hypothesis was, therefore, adopted. 

Avogadro’s hypothesis was found to fit in with Gay Lussac^s law 
in perfect harmony with Dalton’s Atomic Theory, 

Avogadro’s hypothesis and Gay Lussac’s law. — ^Like the 
laws of chemical combination by weight, Gay Lussac’s law of gaseous * 
volumes could not be cjxj>laincd by Dalton’s atomic theory. Thq, 
law was, however, ,cftjarl^explained ^nd interpreted on th<^ basis pf 
Avogadro’s hypothesis frdm which it can be deduced as follovis : 

Let a molecules of a gas A react with b molecdles of anothej* gas 
B to form a compound of A and B — a and b are simple? whole numbers. 
Let us further suppose that according to Avogadro’s hypothesis 1 c.c. 
of each gas under the same conditions of temperature and pressure 
contain n molecules. 


Then, a moliscules of A are present in aju c.c. pf the gas A. 
and b molecules of B are present in bjn c.c. of the gas B. 

Hence, the reacting vph;^mes of the two gases arc afn 
which b^ar the r*ro«ortionr iff : b. This is a simple ratio, sijicc both 
and b arc small wHeljic^ mimbew. Gases, th^e refore. r eai^t in simbfe 
radp by volume, wMcK is Gav Lir^acfc Taw, I ^ ' 'Tj"' 


. ♦Also cfl11«*d AvPfs<?to* 8‘ laife,, :^ncc the 
sests of doduciiom made from it. 


confeiriQ^ 40 
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Ayogadro’s hypothesis and Dalton’s Atomic Theory«~The 

adoption of Avogadro’s hypothesis revolutionised our concept about 
the constitution of matter, and consequently substantially modified 
the atomic theory of Dalton. The modifications were mostly in the 
following lines : The concept of simple atom and compound atom was 
rejected — ^two kinds of smallest paiticle of matter recognised instead ; 
these are an atom and a molecule. 

An ato^, as stated already, is the smallest particle of an element 
which can take part m a chemical change ; the atom cannot usually 
exist as such in the free state. 

A molecule, on the other hand, is the smallest particle of a 
substance (an element or a compound) which can exist in the free 
state. The properties of a substance are the properties of its molecules. 
Since atoms alone take part in a chemical change, prior to any 
chemical reaction, molecules of reacting substances first separate 
into atoms which then combine in simple numerical proportions to 
form liiolecules of new substances. 

Application ‘of Avogadro’a hypothesis. — ^The hypothesis not 
only explained Gay Lussac’s law of gaseous volumes, but also greatly 
extended the usefulness of Dalton’s atomic theory by clearly explaining 
the confusion arising out of the concept of ‘simple atom* and 
^compound atom’. 

The hypothesis is perfectly general in its applications, but it was 
only some fifty years later after its adoption that Cannizzaro, a pupil 
and a countryman of Avogadro, successfully applied it to experimental 
results in the year 1858. The hypothesis affords methods : 

(i) to determine the number of atoms in the molecule of a gaseous 
element^ i.e , its atomicity. 

(li) to compare the molecular weights of gases and vapours and 
to deduce that the molecular weight of any gas or vapour is 
twice its vapour density. 

{tit) to establish that the gram^molecular weight of ary gas occupies 
• 22.4 IHres at JV. T.P. 

*(&) to deduce the molecular formula of a^ompound from its volumetric 
composition. 

( 9 ) to determine the atomic weight of an element. 

(i) To determine the number of atoms in the molecule of a 
gaseous elementf i.6.f its atomicity. 

(a) Experiment shows that : 

1 volume of hydrogen combines with 1 volume of chlorine to 
form 2 volumes of hydrogen chloride. 

4^1jet 1 volume of hydrogen contain n molecules of it, then^ by 
Avogadro’s hypothesis : 

n molecules of hydrogen + n molecules of chlorine « 2n molecules 
^ of hydrogen chloride. 

^ or 1 molecule of hydrogen + 1 molecule of chlorine » 2 molecules 
^ of hydrogen chloride. 
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or I molecule of hydrogen + ^ molecule of chlorine 1 molecule 

of hydrogen chloride. 

But according to Dalton’s atomic theory, each molecule, of 
hydrogen chloride, being a compound of hydrogen and chlorine, must 
contain at least one atom each of hydrogen and chlorine— coming 
from } molecule each of hydrogen and chlorine. Hence, a molecule of 
hydrogen or chlorine must contain at least 2 atoms^ since atoms are indivisible. 

The exact number of atoms in a hydrogen molecule can be Ascertained as 
follows : 

(i) The number of different sodium salts that an acid can yield is a measure 

of its replaceable hydrogen atoms. Thus, sulphuric acid, yields two sodium 

salts, NaHS04, and Na2S04, the two hydrogen atoms of the acid being replaceable 
in two stages. In a similar manner by replacing 3 hydrogen atoms of phosphoric 
acid, H8PO4, in three stages, three sodium salts, NaH4P04, Na,HP04 aiul Na3P04 
can be obtained. Hence the number of sodium salts that an acid forms is equal to 
its number of replaceable hydrogen atoms. Now hydrochloric acid yields only 
one sodium salt. The hydrochloric acid molecule, theraore, contains only one atom 
of hydrogen. But it has been shown to contain, as above, half a molecule of hydrogen. 
Half a molecule of the gas, therefore, contains one atom of hydrogen. Hence a 
molecule of hydrogen contains two atoms, or in other words, the hydrogen moleeide is 
diaibmie^ i.e., the atomicity of hydrogen is two, * 

(ii) The ratio of the specific heat of a gas at constant pressure, Gp, and that at 

constant volume, Cv, has been found to be equal to 1 . 44 , t.f., Gp/Cv » 1 . 44 , for 
diatomic gases. In the case of hydrogen this ratio is found to be 1.44 and Imce 
the gas is diatomic. * • 

(b) 2 vols. of hydrogen + 1 vol. of oxygen = 2 vols. of steam. 

Let 1 volume hydrogen contain n molecules of it, then by 
Avogadro’s hypothesis : 

2 molecules of hydrogen + 1 molecule of oxygen = 2 molecules 

of steam. 

or 1 molecule of hydrogen + i molecule of oxygen = 1 molecule 

of steam. 

But 1 molecule of steam must contain at least one atom of oxygen, 
coming from J molecule of oxygen. Hence a mplecle of oxygen is 
a' least diatomic, • 

The atomicity y i.e., the number of atoms in a molecule of elementary 
gases like hydrogen, oxygen, nitrogen, chlorine, ete., is two only. 

(ii) The molecular weight of any gas or vaf^our is twice its 
vapour density* * 

The density of a gas or vapour relative to hydrogen is the ratio of 
the weight of a volume of the gas or vapour to the weight of the same 
volume of hydrogen under the sami conditions of temperature and 
pressure. ,, ^ 

By definition, relative density or velour density^ as it is called. 

^ weight of a certain vol ume of the gas or vapour 
weight of the same volume df hydrogen 

at the same temperature and pressure. But equal volumes of the gas 
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and hydrogen contain the same number of molecules^ 
Avogadro’s hypothesis. Hence, 

vapour density = weight of n molecules of gas or vapour 
weight of n molecules of hydrogen 

_ weight of 1 molecule of gas or vapo ur 
“ weight of 1 moleculs of hydrogen 
_ molecular weight of gas or vapour 
molecular weight of hydrogen 
_ mol. wt. of gas or vapour 
2 


since a molecule of. hydrogen is diatomic and its atomic weight is one 
molecular weight of gas or vapour = 2 xits vapour density. 

Actually the atomic weight of hydrogen is 1.008 and its molecular 
weight is 2.016 instead of 2, so that 

molecular weight ^ vapour density x 2.016. 

(iii) Gram-moleqular weight of gas or vapour occupies 
22*4 litres at N.T.P. 


Molecular weight of gas or vapour expressed in grams is its gram 
molecular weight. One litre of hydrogen at N.T.P. weighs 0.09 gm. 
nearly. * 


Vapour density = 


wei ght of 1 litre of gas or va pour at N .T.P. 
weight of 1 litre of hydrogen at N.T.P. 


weight of I litre of the gas at N.T.P. 
0.09 


/, weight of 1 litre of gas or vapour at N.T.P. 

= 0.09 xits vapour density = 0.09 x (M/2.016), 
where M = gram-molecular weight of the gas. 

i.e., 0.09 X (M/2.016) gm. of gas or vapour occupy a volume of 1 litre 
at N.T.P. 

c 

/, M gm. of gas or vapour occupy (2.016/0.09) or 22.4 litres at 
N.T.P. 

Hence, the gfam-molecular weight of any gas or vapour occupies 
22.4 litres at N.T.P. This is called the gram^molecular volume or molar 
volume, * 


(iv) Molecular formula of a compound from its volumetric 
composition* 

Erperiments show that : 2 volumes of steam arc obtained from 
A, ^ , 2 volumes of hydrogen and 1 volume of oxygen. 

Suppose 1 volume of steam contains n molecules of it, thm, by 
Ayoga^o’s hypothesis, 2n molecules of steam are obtained firotn 2$ 
molecules of hydrogen and » ^molecules of oxygen. 

^ molecules of steam are obtained from 2 molecules of 
> %drogen and I molecule of oxygen* 
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'/• 1 molecule of steam is obtained from 1 molecule of hydrogen 

and half molecule of oxygen. 

Now, 1 molecule of hydrogen contains 2 atoms of hydrogen ; 
half-molecule of oxygen contains 1 atom of oxygen. 

the simple formula for steam is H3O. 

Again, the molecular weight of steam =2 X 9 =; 18 ; 9 is the 
vapour density of steam determined experimentally. 

Hence, the formula H^O for steam is confirmed, since •! molecule 
of steam can contain only 1 atom of oxygen, its atomic weight being 
16 . 

(v) Atomic weight of an element* — (a) From the atomicity 
of elementary gases : 

Atomic weight = molecular weight -f- atomicity. 

Molecular weight is deduced from the determination of vapour density. The 
molecular weight of the element arpon. for example, i s found to be 39.9 and its 
atomicity is 1 . fience the atomic ^ignt^ is 

(b) Cannizzaro’s method of least weight* — Since an atom is • 
indivisible, no molecule of a compound can <53ntain less than one 
atom of any element. Hence, the atomic weight of an dement may be 
defined as the smallest weight of it found in the molecular weight of any of its 
compounds. • 


The method depends upon the determination of : 

(i) the molecular weights of a large number of volatile compounds 

(deduced from the relation molecular weight = 2 X its vapour density, 
vapour density being determined experimentally). 

(ii) their percentage compositions by direct analysis. The weight 
of the element present in the molecular weight of each compound is 
then calculated — the least of these weights is the probable atomic 
weight of the element. 

The method is obviously applicable in the case of elements which 
form a large number of volatile compounds. • 

The application of the method to nitrogen is illustrated hplow. 

Compound Mol. wt. % N 2 by wt. Wt. of N, per mol. 

Ammonia 17 82.3 • 17x0.823 - 14 

Nitrous ox’de 44 63.6 • 44 x 0.636 — 28 

Nitric oxide 30 46.6 30 x 0.466 — 14 

Dinitrogen tetroxide 92 30?4 92 X 0.304 — 28 

Hence, the probable atomic weight of nitrogen is 14, since it is 

the least weight of nitrogen found in any of its compounds. 

Molecular weights determined from vapour densities of tlic compounds are not 
exact, and consequently the atomic weights found by Cannizzaro’s method arc only 
appi^mate. ^ 

VAvogadro Number and Molar Voliisiie,--*In fixing the relative atomic weighte 
the atomic weight of hydrogen has been taken as 1, and since hydrogen is SaUmic 
its molecular weight is 2--^eight of 1 gram motjccule of hydrogen is 2 gms. Suppose 
the absolute might edexi atom of hydrogen is uf gm.,*and hence the weight of 1 molecule 
of hydrogen is 2w gm. the nuihber molecules in 1 gram molecular weight of 
hyd^gen » 2/2w « I/w. ^ 
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. Taking the case of oxygen, its vapour density is 10 and hence the molecular 
weight » 2 X 16 s 32. In other wor^, a molecule of oxygen is 32 times as heavy 
as an atom of hydrogen. Hence the weight of 1 molecule of oxygen «= 32 w gm. 
.% number of molecules in 1 gram molecular weight of oxygen = 32/32w « 1/w. 
Considering carbon dioxide whose vapour density is 22 and hence the molecular 
weight 44, 1 molecule of carbon dioxide is 44 times as heavy as an atom of hydrogen. 
Hence the weight of 1 molecule of carbon dioxide => 44w gm. . > 

/; number of molecules in 1 gram molecular weight of carbon dioxide 

= 44/44w 1/w. 

It is evident icom the above that 1 gram molecular weight of any gas contain the 
same number of molecules — this number is known as Avogadro number, usually 
denoted by N and is equal to 6.023 X 10**. 

Now, since 1 gram molecule of any gas contains the same number of molecules, 
from Avogadro’s hypothesis I gram molecule of any gas will occupy the scone volume 
under the same conditions of temperature and pressure. It has been found 
experimentally that 1 gram molecular weight, i.e., 2 gm., of hydrogen occupy 22.4 
litres at N.T.P. Hence 1 gram molecule of any gas will occupy 22.4 litres at N.T.P. 
This is called molar volume. 


Exercises 

^ 1. A metal is found tQ give two oxides ; on heating 1 gm. of each in a cureent 

of hydrogen, 0.798 and 0.888 gms. of the metal were obtained. Show that the results 
are in agreement with the law of multiple proportion. 

In the first oxide (1—0.798) or 0.202 gm. of oxygen unite with 0./98 gm. of the 
metal. ^ 

1 gm. of oxygen unites with 0.798/0,202 or 3.95 gms, of the metal. 

In the second oxide (1—0.888) or 0.112 gm. of oxygen unites with 0.888 gm. 
of the metal. 

1 gm. of oxygen tmites with 0.888/0.1 12 or 7.9 gm. of the metal. 

Hence the weights of the metal \miting with a constant weight, namely, 1 gm. 
of oxygen, are as 3.95 to 7.9, that is, as 1 : 2. Hence the agreement. 

2. Illustrate the law of reciprocal proportions from tlie composition of the 
following compounds : 

Marsh gas 75% carbon, 25% hydrogen ; carbon monoxide 42.86% carbon, 
57.14% oxygen ; and water 11.11% hydrogen, 88.89% oxygen. 

In marsh gas 1 gm. of carbon unites with 25/75 or 0.33 gm. of hydrogen. 

In carbon monoxide 1 gm. of carbon unites with 57.14/42.86 or 1.33 gm. 
of oxygen. * 

Hence, hydrogen and oxygen should unite in the ratio of 0.33 to 1.33, i.e., in 
the ratio of 1 to 4 ; or jn some simple multiples thereof. 

In water 11.11 gm. of hydrogen united with 88.89 gm. of oxygen. 

1 gm. of hydrogen unites with 88.89/11.11 or 8 gms. of oxygen. 

i.e., hydrogen and oxygen unite to form water in the ratio of 1 to 8 parts by 

weight, that is, in the ratio of 1 to 2 X4 parts by weight. 

Hence these figures -agree with the law of reciprocal proportions. 

Two oxides of a metal M, when heated to a constant weight in a current 

hydrogen gave 0.12585 g. and 0.2264 g. of water respectively per gram of the 
f%xides used. If the formula for the latter m given by MO, find that for the other. 

18' gms. of water H|0 contain 16 gms. of oxygen. 

0.12585 g. of water contains X 0.12585 •- 0.1119 gm. of oxygen. 

' TMi.ft-l 1 1 ft g. of Of cones from 1 gm- first oxide, and hence in 1 gm. of first codde, 
gm., and O « 0.1119 gm. 
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0^2264 gm., of water contain X 0.2264 =s 0.2013 gm. of oxygen. 

in 1 gm. of second oxide, M » 0.7987 gm., and O » 0.2013 gm. 
Now, formula of the second oxide is MO, i.e.. 

Number of atoms of M _ l _ 0.7987/x, 

Number of atoms of O 1 ““ 0.201 3/T6, 
where x « atomic weight of M, and 16 = atomic weight of oxygen. 


_ 0.7987 
0.2013 


X 16 = 63.49. 


In the first oxide, 


number of at oms of M __ 0.888 1/6^9 
number of atoms of O ”” 0.1 119/16 


formula of first oxide is MgO. 


2 

r 


4. State and explain the laws of chemical combination. Give some accour.t 
of experimental evidence upon which they are based. 

Two oxides a and 6 of a certain metal were heated to eonstant weight in a current 
of hydrogen and the water obtained in each case was weighed. The following results 
were obtained : 2 gm. of a gave 0.2517 gm. of water, and 1 gm. of 6 gave 0.2264 gm. 
of w^er. Show that the above results illustrate the law of multiple proportion. 

5. Illustrate the law of equivalent proportion from ftie following analysis : 

Potassium chloride potassium 52.5% ; chlorine 47.5%. 

Potassium iodide potassium 23.6% ; iodine 76.4%. 

Chloride of iodine iodine 78.2%; chlorine 21.8%. 

6. What is Avogadro’s hypothesis ? Explain, with illustrations, how this 
hypothesis brings into harmony Dalton’s atomic theory and Gay Lussac’s law of 
combining volumes. State how it is used to prove that (i) the atomicity of o^gen 
is two ; (ii) the molecular weight of any gas is twice its vapour density, and (iii) the 
'gram molecular weight of any gas is 22.4 litres at N.T.P. 

7. State and explain Gay Lussac’s Law of combining volumes. Four compounds 

■of an clement contain respectively 42.8%, 27.3%, 80%, and 64.90% of the element. 
The weights of one litre of each of these compounds in a gaseous state at N.T.P. are 
1.26 gms, 1.98 gms., 1.35 gms. and 3.33 gms. respectively. Calculate the probable 
atomic weight of the element and explain the principle involved in the determination 
of atomic weights by Cannizzaro’s method. Ans, 12 

8. State how the results given below illustrate a law of chemical action. 
Enunciate the law. 

(a) 0.46 gm. of magnesium produce 0.77 gm. of magnesium oxide. 

(b) 0.82 gm. of magnesium liberates 760 c.c. of hydrogen at N.T.P. fron^an acid. 

(c) 1.26 gm. of water result from the union of 1.12 gm. of oxygen with hydrogen. 

9. State and illustrate the law of multiple proportion. Does it contradict the 
law of constant proportion ? Three oxides of lead have the following composition : 

(i) (“) , (>“) 

Lead 92.83 90.63 86.51 per cent. 

Oxygen 7.15 9.37 13.49 per cent. 

Show how these figures bear out the law of multiple proportion. 

1 0. State Dalton’s Atomic Theory and show how the laws of chemical combination 

can be deduced from it. Inter Science, London. 

11. The percentage composition of ferrous sulphide is : iron 63.53 per cent, 
sulphur 36.47 per cent. Two grams of iron are heated with 5 gms. of sulphur. How 
much ferrous sulphide is formed and how much sulphur remains uncombined ? 

« ^ Ans. 3.148 gms ; 3.852 gms. 

12i. Explain and illustrate Gay Lussac’s law of gaseous volumes and show how 
it has led to the distinction between atoms and molecules. 
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13. State and illustrate the law of multiple proportions. Explain how it {bllow 9 

directly from Dalton's atomic theory. Gaukadt 1952 

'Fwo oxides of a metal contain 27.6 and 30.0 per cent of oxygen respectively. 
If the formula of the first be M 1 O 4 , find that of the second. Ans, M 1 O 3 

14. Enunciate Avogadro's hypbthesis and show how it leads to a clear inter- 

pretation of Gay-Lussac's law of gaseous volumes. Discuss how the Avog^dro's 
hypothesis has proved useful in the determination of atomic weight of gaseous 
elements. Calcutta^ 1959 

15. Enunciate Avogadro's hypothesis, and mention its important applications. 

• U. P. Board, 1950’ 


VIII 

CHEMICAL EQUIVALENTS AND ATOMIC WEIGHTS 

An important consequence of the law of reciprocal proportions is 
the emergence of the idea of equivalent weight ; thus 

In sodium hydride, NaH, the ratio by weight of hydrogen to 
^ sodium is 1 : 23. 

In hydrogen chloride, HCl, the ratio by weight of hydrogen to 
chlorine is 1 : 35.457. 

The law of reciprocal proportions yiiggests that sodium and 
chlorine will combine in the pro'^ortion of 23 : 35.457 or in a simple 
multinle of this pronortion. Thus, 23 parts by weight of sodium 
combine with 35.457 parts by weight of chlorine to form sodium 
chloride. 23 and 35.457 are the equivalent weights pf sodium and 
chlorine respectively. Hence : 

Elements combine in the ratio of thtir equivalent weights or their 
multiples. 

Standard of Eqoivalenta. — Tn finding out the eauivalent weight of an elemciU' 
it is necessary to fix upon a standard of reference — this is taken as 8 parts by weight: 
of oxygen i.e., equivalent weight of oxygen is always 8.000 by definition. 

Formerly 1 part by weight of hydrogen was the standard, but since there are- 
many elements, parti cfilarly metals, which do not form stable compounds with 
hydrogen, the basis of definition was chSnged to oxygen. But there are some elemeiUh 
which do flot form stable compounds with oxygen. In order, therefore, to maintain, 
the oxygen standard, the standard of reference is extended to equivalents of oi^gen.^ 
On the basis of 8.000* as the equivalent weight of oxygen, the eauivalent weight of 
hydrogen is 1.008, that of carbon (in COa) is 3.0025, and that of chlorine (in CbOy 
is 35.457. 

Hydrogen was taken as the standard by Dalton but the adoption of ostygen as 
the standard was due mainly to Berzelius and Stas. 4 

Equivalent weight* — The equivalent weight of an element is difined 
as the number of parts by weight of that element which will combine chemically 
^ with or will replace from chemical combination, 8.000 parts by weight of oiygen, 

or its equivalent, i.e., 1.008 parts by weight of hydrogen or 35.457' by 
Wi^gKt of chlorine. 

; The equivalent weight is a number ; the gram^ equivalent the dmmlenC 
rnighi expressed in grams. The equivalent weight is an eapeduDSfiiatal 
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1.008 parts by weight of hydrogen combine with 8 parts 
by weight c$ oxygen to form water, HjO ; the equivalent weight of hydrogen, therefore, 
is 1.008. 

(ii) 1.008 oarts by weight of hydrogen combine with S5.457 parts by weight 
of chlorine to form hydrogen chloride ; consequently the equivalent weight of chlorine 
is 35,457. 

(iii) 35.457 parts by weight of chlorine combine with 107.88 parts by weight 
of silver ; equivalent weight of silver is, therefore, 107.88. 

(iv) i 2. 16 parts by weight of magnesium displace 1 .008 parts by weight of hydrogen 
from dilute sulphuric acid. 12.16 is the equivalent weight of magnesiufh : 

Mg + HjS 04 = MgS04 + Hj. 


Equivalent weight may vary. — Equivalent weight of an element 
is determined by direct analysis of its comnonnds. When it forms 
more than one comnound ^vith another element, its equivalent 
naturallv varies. Thus, iron forms two oxides : ferrous oxide, FeO ; 
ferric oxide, FeoOj, 

Comnound Composition by weight Equivalent 


Ferrous oxide 
Feyic oxide 
Carbon dioxide 
Carbon monoxide 


Fe : O = 27.925 : 8 
Fe :0 = 18.616 : 8 
C : O = 3.00 : 8 
G ; O 6.00 : 8 


Fe = 27.925 
Fe = 18.616 
C =3.00 
G =6.00 


Tt ’ilso follows from the relation^: atomic iveieht ^ eanivafent weight X valency that 
equivalent weight may vary in the case of elements of variable valerrv, siig:e atomic weight 
is a constant ouantitv. 


Ecfiiivalent of a Radical. — ^The concent of equivalent o'* .in element is extended 
to radicals, i.e., the couivalent of a radical is the number 'f parts bv weight of it 
which can combine with 1 .008 parts by weight of hydrogen or its equivalent. 

Comnound Comnosition by weight Equivalent of radical 


HNO, H : NO, = 1 : 62 NO, = 62 

H.SO4 H : SO4 = 1 : 48 SO4 = 48 

NH4CI NH4 : Cl = 18 : 35.457 NH4 = 18 


The equivalent weight of an element is a fundamental valtie^ and the equivalent weight of a 
comnound is formed additivclv from those of its constituent elements (or radicals). 
The equivalent weight of silver chloride = cnnivalent weight of silver + equivalent 
weight of chlorine = 107.88 + 35.457 = 143.337. 

Equivalent of element or radical • Equivalent of compound 


Ca-20 ; Cl-35.457 
Mg- 12. 16 ; 0-8.00 
Ag-107.88 ; NO*-62 


Calcium chloride 55.457 
Magnesium oxide 20.16 
Silver nit^te 169.88 


D<^tftrminatioii of equivalent weights of metals. — { 1 ) By 
displacing hydrogen from an acid by a given weight of the 
metal. 


When a metal displaces hydros^en from an acid, the disrJacement 
takes nlacc in equivalent amounts. The hydrop;en liberated is 
collected, its volume measured in c.c. and reduced to N.T.P., and 
its weight calculated from the ralation : 

Wei<fit of hydroiDfcn = c.c.*s of hydrocren at N.T.P. X 0.00009 
gnu., since wcjght of 1 c.c. of hydrogen at N.T.P. == 0.00009 gm. 

- . , * I WeigTit of the metal X 1.008. 

Eqm«il«,t ««ght of a. m«d . waghlirfl.ydn>|i«iUb^«d . 
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The is in its applicability to metab which dissolve in dilute adds 

(or alkali) with evolution of hydrogen. Catcium^ magnesium, z.inc and iron dissdve 
m cold dilute HGl or H1SO4, evolving hydrogen. Aluminium dissolves in fairly 
strong HGl or warm alkali, while tin dissolves only in hot and strong hydrochloric 
acid. The method has been used to determine equivalents of zinc and alumvmm. 



Fig. 38 

Galculation : • 


Equivalent weight of adnc. — About 
0.1 gm. of zinc is accurately weighed out 
in a watch glass, which is then placed in a 
beaker — the zinc being covered with a 
funnel. Water is then added till the stem 
of the funnel is under water. A graduated 
tube completely filled with water is inverted 
over the funnel and fairly strong sulphuric 
acid is added to the beaker. Qiiick 
evolution of hydrogen takes place on the 
addition of few drops of copper sulphate 
solution — the gas collects in the tube. 
When the zinc completely dissolves, the 
tube is taken out by closing the open end 
with the thumb, and placed in a jar of 
water so that the level of water inside and 
outside becomes the same. The volume, of 
hydrogen is noted, so also the barometric 
pressure at the time and the temperature 
of water, (fig. 38). 

Zn + HjS 04 5 =s ZnS04 Hg 


Let the weight of zinc 
Volume of hydrogen collected 
Temperature of water 
’ Barometric pressure 

Aqueous tension at t'^G 

Barometric pressure = pressure of Hj + aqueous tension at t^G. 
Pressyre of H* = (P— f) nun. 

Let the volume of the hydrogen at N.T.P. be v' c.c. 


= w gm. 
= V c.c. 
= f’G. 

= P mm. 
= f mm. 


v\P-f) v'.760, 


(27^+0“ ^273 ■"‘(273+t) x 760 

Now, 1 c.c. of hydrogen at N.T.P. weighs 0.00009 gm. nearly. 

v' c.cs. of hydrogen at N.T.P. weighs v' X 0.00009 gm. 

* . WX 1.008 wx{273+t)x 760x1.008 

equivalent of zinc — y'-5<o.00009°“ v X (P-'f) x27irx0.60009 

(ii) By converting a knowm weight of the metal into its 
oaddey and weighing the oxide. 

Suppose — gtn. 

the weight of the metal w 

the weight of the oxide w' 

the weight of oxygen (w'—w) 


vx(P-f)x273 


the equivalent weight of the metal < 


(w'— w) 

The equivalent weight of oxygen is 8 by definition. 


X8. 
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(a) by heating metal in air : Equivalent weight of 
magnesium : 

A porcelain crucible and its lid arc weighed. A piece of clean 
magnesium ribbon about 5 inches long is broken into pieces and taken 
in the crucible, which is then weighed again with its lid. The crucible 
is then slowly heated on a clay-pipe triangle, with its lid put slightly 
on one side in order that air might have access to magnesium. When 
the magnesium is burnt completely, the crucible is cooled in a 
desiccator, and weighed again. 2Mg + 02= 2MgO. ’ 

Oalcsladon : gm. 

Weight of crucible + lid a 

Weight of crucible + lid + magnesium b 

Weight of crucible + lid +magnesium oxide c 

weight of magnesium (b— a) 

Weight of magnesium oxide (c — a) 

weight of oxygen (c— b) 

/. equivalent weight of magnesium = pZ . ?) x 8. 

(b) by converting the metal into the nitrate by allowing 
nitric acid to act on the metal — ^the nitrate decomposes^ on 
strong heating, into the pride* 

Equivalent weight of copper. — porcelain crucible with its 
lid is weighed. A few pieces of clean copper foil, about 2 gm., are 
put into the crucible, which is again weighed with its lid. Few drops 
of moderately strong nitric acid are added to the copper foils in the 
crucible — a vigorious reaction takes place with the evolution of brown 
fumes. When the copper has dissolved fully, the solution is carefully 
evaporated to drvness on a hot asbestos plate so that none of the green 
copper nitrate is lost by spirting. The crucible with its lid placed 
slightly on its side is then heated on a clay-pipe triangle where the 
green copper nitrate is converted into the black copper oxide, and 
more brown fumes are evolved. When the reaction has ceased, the 
crucible with its lid is allowed to coo^ in a desiccator and weighed 
again. The process of heating, cooling and weighing is repealed till 
the final weight is constant. The weight of copper combining with 
' 8 gm. of oxygen is found out by proportion. • 

Cu + 4HNOa = Cu(NO,)8 + 2H80 + 2rJOj 
2Cu(NO,)a = 2CuO + 4NOa -f O, 

Ttkking the same figures as in the equivalent weight of magnesium, the eqviivalent 
weight of copper =• |"2-b) ^ 

The method has been applied in finding the equivalents of topper, tin, zine and 
inm. 

Tin reacts with strong nitric acid to give hydrated stannic oxide 
directly without the formation of any nitrate at all. 

(iii) By t<ednctl<m of a given wright of the oxide of a metal 
to the metal t CuO + Hj Cu + HjO. 
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Many metallic oxides are reduced to the metal by hydrogen or 
coal gas. The method is illustrated with copper oxide. A por^laia 
boat is weighed empty, and then containing some dry black oxide of 
copper. Ihe boat is then slipped into a hard glass tube and heated 
in a current of hydrogen gas, when the oxide is reduced to the metal. 
After about half an hour, the tube is cooled witli tlie current of gas 
still on. When cold the boat with the reduced copper is taken out 
and weighed (fig. 36). 


Gslculation : 


gm. 


Weight of boat 

a 

Weight of boat + copper oxide 

b 

Weight of boat -f copper 

c 

weight of copper 

(c-a) 

weight of oxygen 

(b-c) 


/. the equivalent weight of copper — ^ 


(iv) By the analysis of halides. — ^Equivalent weight of 
sodium. — weighed quantity of pure sodium chloride is dissolved 
in distilled water containing a little nitric acid, and precipitated as 
silver chloride by adding an excess of silver nitrate solution. The 
curdy white precipitate of the silver chloride is filtered, washed, dried 
and weighed. ^ I’hc reaction is : Nad + AgNOa = AgCl + NaNOa. 

One equivalent of sodium chloride produces one equivalent of 
silver chloride. Hence the equivalent weight of sodium chloride is 
the weight which produces 143.34 gm. of silver chloride. 143.34 gm. 
is equal to 1 gram-equivalent of silver chloride, i.e., 1 67.88 gm. of 
of silver react with 35.46 gm. of chlorine to form (107.88+35.46) 
= 143.34 gm. of AgCl. 

The equivalent of sodium is 35.457 less than the equivalcrt of 
sodium chloride, since sodium and chlorine have combined in 
equivalent amounts. 

Calculation. — Let the weight of sodium chloride w gms. 

The weight of silver chloride « w' gms. 

w' g;jms. of AgCl arc produced by w gm. of the sodium chloride. 

/. 143.34 gms. of AgCl are produced by 143.34 w/w' gm. sodium chloride. 

i.c., equivalent <5f sodium chloride = 143.34 w/w'. 

tlic equivalent weight of sodium = (143.34 w/w') — 35,457. 

Alternatively, lei the ccfuivalent of sodium =« x» 

/. the equivalent of sodium chloride = x + 35.457. 

Equivalent of sodium chloride weight of sodium chloride 

Equivalent of silver chlorKle w-ijjht of silver chloride 

i.c., (A?-f 35.457)/i43.34 = w/w', x ^ (143.34 w/w')-35.357. 

The method has been used in determining the equivalents of sodium^ potasstuMf 
^iim, magnesium, zinc (using the bromide), lead^ (^senic, silum^ iron (usk^ tbe bromide), 
and nitrogen (as NH 4 CI). 

(v) By the replRcem^nt of |petak.— A more etectroptMitive 
RietRl displaces a less electropositive metal from its salts in solution — 
the displaccmcrt taking place in equivalent amounts. The method 
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is applicable when a metal displaces anotlier from a solution. Thus, 
if a piece of iron, (say, a kiiife-biadej is put into copper sulphate 
solution, it becomes coated with a red deposit of copper, and the 
iron dissolves : 

GUSO4 + Fe = FeS04 + Gu. 

JUnstnition. — known weight of clean iron powder is gradually added into 
a solution of copper sulphate in a beaker ; the iron dissolves ana rect copper powdi^ 
deposits at the bottom of the beaker, it is liltered oh, and washed with water until 
the wash-water is no longer coloured blue. Ihe hlter paper with its contents is then 
dried in an air-oven, and weighed. Ihen, knowing the equivalent 01 one metal, 
that of the other may be found out. 

Let w gm. of iron displace w' gm. of copper. 

1 gm. of iron displaces w^w gm. of copper. 

Let he eq. wt. of iron » x, and cq. wt. of copper 
. ^m. of iron can displace gm. of copper. 

.V ' i gm. of iron can displace j>/x gm. of copper. 

• y ^ ^ - e q. wt. of Cu _ wt. of G u deposit ed 

** X w ‘ CM. wi. rc wt. of Fe dissolved 

Knowing the equivalent of copper, that of iron can be found out, or vice versa, 

C3lbpper in its turn, displaces silver from a solution of its salt. 

2AgNOa + Cu - Cu(NO.),+ 2Ag. 

(vi) By interchange of radicals. — When a compound of a 
metal, say MA, is quantitatively converted into another compound, 
say MB, then the equivalent of any of tlie three radicals involved 
can be found out, provided the equivalents of the other two radicals 
are known. The metliod is explained witli reference to tlie equivalent 
weight of barium : — 

A weiglied quantity of barium chloride is dissolved in distilled 
water containing a little hydrochloric acid, and precipitated as barium 
sulphate by adding an excess of sulphuric acid — tlie precipitate is 
filtered, washed, dried and weighed. 

BaClg -I- H2SO4 = BaS04 + 2 HC 1 . 

Let the weight of barium chloride = w^ gm. 

The weight of barium sulphate ^ w^ gm. 

i.e., Wj gm. of barium chloride gives w, gm, of BaS 04 

/. 1 gm. of barium chloride gives Wj/w, ftm. BaSOi. 

Let the equivalent weight of barium = x 

The equivalent weight of chlorine = 35.457 
The equivalent weight of sulphate - 48 

Hence, the equivalent weight of barium chloride = x + 35.459 and the equivalent 
weight of barium sulphate =? x 4r 48. 

Now 1 equivalent- of barium chloride gives 1 equivalent of barium sulphate. 

i.e,, (x -1-35.457) gm. of barium chloride gives (x-h48) gm. of barium sulphate. 

1 gm. of barium chloride barium sulphate ; 

Hence, whence x is found out. 

* x-|-a5.457 Wj 

(vii) FTom electro-chfmical equivalents. — ^Thc equivalent 
weij^t may be determined from the relation {vide electrolyse) : 

wdgh. X 1.008. 
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Equlvslents of oHvor and cUotine . — A weighed quantity of pure silver ia 
dissolved in fairly strong nitric acid to get the nitrate of the metal. The silver is. 
precipitated hroih the solution as curdy white silver chloride by adding an excess, 
of hydrochloric acid. The precipitate is filtered, washed, dried, and weighed. 

Let the weight of silver s a gm. 

the weight of silver chloride ss b gm. 

Let the eq. wt. of silver =* and the eq. wt. of chlorine y, 
eq. wt. of silver chloride s=s x + > 

1 equivalent of Ag produces 1 equivalent of silver chloride, 
wt. of silver equivalent of silver a x 

wt. of silver chloride equivalent of silver chloride. b x+y 
iKnowing the equivalent of silver, that of chlorine can be found out, or vice versa. 
The equivalent weight of chlorine may also be determined : 

(i) by burning weighed quantities of hydrogen and chlorine, and measuring^ 
the quantity of hydrogen chloride produced. The weight of chlorine combining 
with 1.008 parts by weight of hydrogen is the equivalent of chlorine. 

(ii) by accurately determining the molecular weight of hydrogen chloride which 
contains one atom each of hydrogen and chlorine. 

The molecular weight of HGl was found to be 36.466 ; hence the equivalent of 
chlorine » 36.466 - 1 .008 = 35.458. 

(iii) by displacing the hydrogen in hydrogen chloride with aluminium. Let 
V litres of hydrogen chloride at N.T.P. yield v' litres of hydrogen at N.T.P. Let 
their densities be d and d* respectively. Hence the weights of hydrogen chloride 
and hydrogen arc vd and v'd' respectively. Thl^n, the equivalent of chlorine 

X 1.008. Gray and Burt (1909) found the equivalent to be 35.458. 

V a 4 

The accepUd value is 35.457. 

The equivalent weight of hydrogen. — llie 
accepted value is 1.008 v/ith irfercucc to tlic 
equivalent weight of oxygen which is 8.0000 by 
definition. The most exact determination of the 
equivalent of hydrogen was made by Morley in 
1895 in the following way : 

Pure and dry hydrogen and oxygen were weighed in 
large glass globes. In later experiments the hydrogen was 
w^igh^, absorbed in palladium and driven out pure b>' 
heating. SuHiciant quantities of hydrogen and oxygen 
(to produce about 34 ^ams of water) were made to stream 
in the ratio of 2 : 1 into a previously weighed evacuated 
glass vessel (fig. 39) and burnt therein at platinum jets to 
produce water. The weights of H 2 and O 2 , admitted to 
the apparatus, were obtained from the decrease in weight 
of thp globes. During the burning the vessel was immersed 
in cold water. The water produced was then frozen and 
the residual gas pumped out of the vessel through a tube 
containing phosphorus pentoxide (to keep back water vapour) 
and analysed. The weights of unreacted hydrogen and 
oxygen found were subtracted from the weights of the two 

f ases supplied from the weighed globes and the weights of 
Ii and Of, actually burnt to water, found out. Aficr the 
removal of residual gas, the apparatus was weighedr-tbe 
increase in weight gives the weight of water formed. jPtom 
the weights of oxygen, hydrogen, and water formed, Morely 
found the ralio of oxygen to hydrogen as 8 to 1 .0076. Morely 
determined the composition of water tueighi. 
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Let %vt. of Ha admitted a g. ; wt. of Og admitted » 6 g. 

wt. of residual Hg « r g. ; wt. of residual Og ~ ^ g. 

/. wt of Hg burnt e» (a— c) g. ; wt of Og burnt = (b— d) g. 

/. in water, wt of Hg/wt. of Og «= (a— c)/(b— d) = 1.0076 : 8. 

Equivalent weight of carbon. — ^The equivalent of carbon is determined by 
burning a weighed amount of pure sugar charcoal taken in a tared porcelain boat 
in a stream of oxygen, and absorbing the carbon dioxide formed in weighed potash 
bulbs. For detaib see gravimetric composition of carbon dioxide. - 

Galoulation : Wt. of porcelain boat *= a gm. 

wt. of boat + charcoal = b gm. 

wt. of charcoal = (b~a) gm. 

wt. of potash bulb Wfore expt. =» c gm. 

wt. of potash bulb after expt. == d gm. 

wt of COg formed = (d—c) gm. 

Let the equivalent of carbon = x 

.*. equivalent of carbon dioxide = x + 8 
• Equivalent of COg _ weight of C.Og formed 
Equivalent of G weight of carbon 

i . x+8 d~c . (b~»)x8 

X b”— a ** (d—c) — (b— a) 

Atomic weight. — Each kind of atom has a definite weight. But 
it is difticult to determine the absolute weight of an atom of the 
element (p. 22). It has been convenient in practice to state tne relative 
weight of any atom in terms of that of a standard atom. 

Formerly tlic atom of the lightest dement hydrogen was chosen 
(by Dalton) as the standard of comparison and its atomic weight was 
taken as unity. But now the standard of comparison is oxygen. 

Since atomic weight is generally determined from the equivalent 
weight, 16.00 is taken as tlic atomic weight of oxygen. 

The atomic weight of an element is the weight of an atom of the ehnient 
relative to the weight of the oxygen atom taken as 16.0000. On this basis, 
the atomic weight of hydrogen is 1.008. 

The gram-atomic weight or the gram-gitom of an efement is its atomic 
weight expressed in grams : thus 16 grams of oxygen constitute 
one gram atom of oxygen. 

JRelatioii between atomic weight and equivalent weight : 

Let the atomic weight of the element = a,^ 
equivalent weight of the clement = ef 
valency of the element = v, 

then, by definition of valency : 

V atoms of hydrogen combine with 1 atom of the clement, 

or, V parts by weight of hydrogen combine with a parts by weight 
of the element, 

or 1 part by weight of hydrogen combines with ajo parts by weight 
of the element. • 

Hence, by definition of equivalent weight, afv sae, or a ss ex v, 
i.c.) aUmie weight » equivalent weight xvaUngt* 

7 
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Determinatioii of atomic weights.— The exact atomic weight 
of an element is determined from the relation : 

atomic wtight = equivalent weight X valency. 

The atomic weight of an element is, therefore, either the same 
as the equivalent weight when the valency is 1, or an exact multiple 
of the equivalent weight, since the valency is always a small integer. 

The determination of atomic weight resolves into two parts : 

(a) the determination of the equivalent weight. This may be accurately 
found out by chemical analysis. 

(b) the determination of the valency of the element The valency is 
usually determined by dividing the approximate atomic weight 
(which may be found out in several ways, as mentioned below) by the 
equivalent weight and taking the nearest integer as a correct nurnoer, 
since the valency is always a whole number. 

The approximate atomic weight may be found out in scviial ways : 

(i) By Dulong and Petit’s law : — The atomic heat of a solid 
element ^except carhlny silicony boroiiy and beryllium) is approxirnjvtely 
constant at ordinary temperature, and is cciual to 6.3 nearly. Dulong 
and Petit put forward the above law in 1819. 

The product of the atomic weight and specific heat of an element is known 
as atomic heaty and consequently, 

atomic weight X specific heat — 6.3 approximately. 

The law IS approximate and applies to solid elements only. 

In order to determine the exacl atomic weight find out : 

(a) approximate atomic weight from the realition ; 

approximate at. wt. 6.3/sp. ht. ; 

(b) then valency from : valency = approximate at. wt./eq. wt. 

The value of valency, thus obtained, is corrected to tlie nearest integer, since 
valency is always a whole number. 

(c) finally, apply the relation exact atomic weight ~ equivalent weight X valency. 

Esmtnple. — 0.5574*5w. of a metal was converted into 0.6817 gm. of oxide. The specific 
heat of the metal is 0.063. Find the exact atomic weight* 

0 5574 

The equivalent of metal = q X 8= 35.08 

By Dulong an(J Petit's law, atomic weight X specific heat 6.3 nearly 
rough atomic weight = 6.3/0.063 = 100. 

, rough Atomic weight 100 _ _ 

.. valency = "“aSSS = 2.8. 

Hence valency = 3, since the valency is always an integer, 
exact atomic weight -= 35.88x3 ~ 107.64. 

(ii) By Cannizzaro’s method i—From molecular weights of volaHle 
contends . — The method gives the probable atomic weight. The 
weight is approximate only. (See page 87). 

(in) By finding the vapour density and hence the molecular 
weight of a volatile salt, Usually a chloride, of the element. 

. Let X and E be tne valercy and equivalent of the elemehtj M. 

Then, Ejic » atomic weight of the element. 



CHEMICAL BQIUIVALENTS AND ATOMIC WEIGHTS 


99 


Let MGlx be the fomula of the ciiloride. 

molecular weight of the chlonde = E* + 35.46*. 

Mol. wt. of chloride _ 2 x vapour density 

E+ 35.46 ■“ E-r35^“~ 

Example. — The vapour density of boron chloride is 59. TAtf equivalent of boron is 
3.607. Find the atomic weight of boron. 

Let the valency of the element be x and the fomula of the chlcfide BClx. The 
atomic weight of B is 3.607x. The molecular weight of the chloride is (3.607x+35.46x) 
and is equal to 2 X 59. 

3.607x + 35.46x = 2 x 59, whence x ~ 3.02 = 3 (to nearest integer), 

/. the atomic weight = 3.607 x 3 = 10.82. 

(iv) By MItscherlich’s law of isomorphism (1820). — Substances are said to 
be isomorphous when they have the same cr>'Stalline structure. Thus, zinc sulphate 
ZnS04,7Ha0, and ferrous sulphate FeS04,7HaO are isomorphous, so also potash 
alum, KaS04,Ala(S04)a,24H20, and chrome alum KaS04,Cra(S04)8,24Ha0, potassium 
sulphate, KaS04, and potassium chromate, KaCr04 ; also the phosphate and arsenate 
of sodium, NaaP04, 12HaO and Na3As04, 12HaO. 

Criteria of isomorphism. — (i) Similarity of ciystalline structure. * 

(ii) Formation of mixed crystals — From a solution of isomorphous compounds {potash 
alum and chrome alum, for example) homogeneous crystals separate containing varying 
amounts of either substances. 

(iii) Formation of overgrowths — A crystal of a substance is found to grow in size 
when suspended in a solution of an isomorphous compound^a crystal of chrome 
alum, for example, is covered with layers of potasli alum when suspended in a solution 
of the latter. 

Law of Isomorphism. — An equal number of atoms combined in the same way produce 
the same ciystailine form which is independent of the chemical nature of the atoms but dependent 
upon their number and position. 

Isomorphous substances are usually represented by similar formulae, c.g., Ag^S 
and CujS. 

n iie law may be applied in two ways : — 

(i) When an element displaces another in a compound without changingMs crystalline 
fermt the law asserts that one element replaces another atom for atom, that irflhe number 
of atoms in the replacing amounts w and w' respectively of the elements A (at. wt. a) 
and B (at. wt. b) arc the same. w/a = w'/b, or w/v' = a/b. 
replacing wt. of an element A _ ^t. wt. of .A 
’ * replacing wt. of an element B at. wt. of B • 

Suppose the percentages of t^vo elements A (at. wt. a) ^nd B (at. wt. b) in the 
two isomorphous compounds AX and BX are m and n respectively. 

In AX, A = m ; X = (100-m). When X =- 1, A =- m/(100~m) 

In BX, B = n ; X == (100-n), When X == 1,*B = n/(100-n) 

i.e., m/(lM— m) and n/(100— n) are the replacing amounts of A and B 
respectively. 

/. m/(100— m) ; n/(100— n) = a : b. 

Hence atomic weight may be determined by anah'sis of isomorphous compounds. 

Example.— Potassium selcnate (containing 35.75% selenium^ is isomorphous 
with potassium sulphate (containing 18.39% sulphur). Assuming the at. wt, of 
aulphpr to be 32 6nd the at. wt. of selenium. 

In potassium sulphate S = 18.39 ; the rest,4.e., K and O = 81.61. 

In potassium sclcnatc Sc oa 35.75 ; the rest, i.e., K and O = 64.25. 
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A -when K and O > 1. S 0.2253 ; Se « 0.5565 i .e., 0.2253 and 0.5565 a(« 
the replacing quantities of S and Se respectively: 

. atomic wt. of Se 0.5565 at.wt. ofSe 0.5565 
•• atomic wt. of S “0.22i3'* 32 “‘o.225S 

at. wt. of Sc =s 79 nearly. 

Altimatively, Potassium sulphate is K,S 04 ; and hence K^SeOj is the formula 
tor the selenate. 

Molecular we^ht of K£Sc 04 *=» 2x39+x+4x 16 =» 142+x, where x is the 
atomic wt. of s|;lenium. 

the % of Sc = 35.75 =* x « 79 nearly. 

(*i) The iHilency of two elements forming isomorphous compounds is the same. 
Hence knowing the valency of one element, that of the other is found out ; atomic 
weight is then found out from the relation : 

atomic weight — equivalent weight x valency. ^ ^ - 

Thus, ferric oxide is isomorphous with aluminium oxide AlaO^ in which aluminium 
is trivalent ; formula for ferric oxide should be FegOs with trivalent iron. 

(v) By reference to the position of an element in the periodic 
table : 

As stated above, the atomic weight of an clement •» equivalent weight X valency— 
Valency is a small whole number. In the light of his wide chemical knowledge 
Berzelius (1830) could corrcttly fix the right multiple (by which the equivalent weight 
is to be multiplied) in the case of few elements only, but in absence of any guiding 
principle there was a great deal of confusion as to the correct multiple. The discoveries 
of Dulong and Petit’s law (1819) and Mitscherlich’s law of isomorphism (1820) at 
about the same period, above all the application of Avogadro’s hypothesis by Cannizzaro 
(1858), offered methods of finding the approximate atomic weights by means of which 
the correct multiple of the equivalent could be determined. The publication of 
Prout’s hypothesis in 1815 that the atomic weights of the elements are whole 
multiple of that of hydrogen gave a stimulus to the determination of atomic 
weights. The hypothesis was rejected by the clas.sical experimental rt-'searches of 
Sins (I860) on the equivalent and atomic weights. The publication of periodic table 
of Mcndclccf in 1869 gave yet another impetus to experimental activities. Lastly, 
mention should be made of the precision work of T, W, Richards of Harvard University 
in the determination of atomic weights. 

Molecular weight — Molecular weight of a substance is the sum 
of the atomic weiglits of all the atoms contained in a molecule, and 
consequently the molecular weight of a substance is also a relative 
weight based on the ;sarac standard of comparison as is used for the 
atomic weight, Tne molecular weight of a substance may^ therefore, be 
defined as Ihc weight of a molecule of the substance relative to ike weight of 
the oxygen atoms as 

Sulphuric acid, P^SO|, for example, contains 3 atoms of hydrogen, 1 atom of 
sulphur and 4 atoms of oxygen ; hence its molecular weight 
« 2 X 1.008*+ 32.066 + 4x 16 « 98.082. 

The molecular weight of a substance in grams is referred to as the 

&m molecular weight or the gram molecmle or simply as a 
npmle* 

The gram-molecular weight of any gas or vapour occupies 22.4 
litres at N.T.P. This is called gram-molecular volume or simply 
mdAitr volume. 

The atomic and molecular weights, as stated aboyc^^ refer to 
relative weights only, but they arc related to the absolute Weights of 
at^ and molectdcs. 1 gram atom or 1 gram molecide of a 
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substance always contains a constant number of individual atoms or 
molecules — this constant, called Avogadro numbers ^ defined as the 
number of individual molecules in 1 gram molecule of a substance ; its value 
is 6.023 X 10*^. The number of individual atoms in 1 gram atom 
is also equal to this number. The absolute weight of an atom or 
a molecule is obtained by dividing the atomic or molecular weight 
of a substance by the Avogadro number. Absolute weight of : 

a hydrogen molecule = 2.016/6.023 x 10*® = 0.3347 X lO'*® gm. 
a hydrogen atom = 1.008/6.023 x 10®® = 0.1673 x 10^®® gm. 

The absolute weight of an atom = the atomic weight of the element miiltiplcd 
by 0.1673x10-“ gm. 

Thus the absolute weight of a carbon atom = 12 X 0.1673 X 10““ gm. 

1 c.c. of hydrogen at N.T.P., weighing 0.00009 gm. contains about 5 X 10‘* 
hydre^en atoms. 


Exercises 

/ 1. 0.218 gm. of magnesium when dissolved in HCl, gave 218.2 c.c. of hydrogen 
^rollected over water, at 17®C and 754.5 mm. pressure. Find the equivalent of 
^ magnesium. Aqueous tension at 17®C =s 14.4 mm. • 

• Volume of hydrogen * 218.2 c.c. ; • 

Its pressure = 754.5 — 14.4 = 740.1 mm. ; 

Its temperature =s 17“C = 273 + 17 = 290® abs. 

Let the volume at N.T.P. « v c.c. 

vx760 218.2x740.1 . 

, whence v =« 200 c.c, * 


273 290 

Weight of 200 c.c hydrogen at N.T.P. 

equivalent of magnesium = 


= 200 x 0.00009 gm 
0.218 


200 x 0.00009' 


12 . 12 . 


y 2. The chloride of an element was converted quantitatively into the corresponding 
jwde and the following hgures were obtained : 0.1827 gm. of the chloride gave 
fpAWl gm. of the oxide. Calculate the equivalent of the element. 

/ Cambridge University, 

Let X be the equivalent ; then, (;if 4*35.5) gms. of the chloride give (x 4- 8) gms. 
of the oxide, where 35.5 and 8 arc the equivalents of chlorine and oxygen respectively. 

. X4-8 0.1057 , 

^ 3. The vapour density of the chloride* of an clement M is 66 and the oxide of 
element contains 53% of the element. Calculate the valency and*the probable 
^tomic weight. London University, 

^ 47 gms. of oxygen unite with 53 gm. of the clement,* 

8 gms. of oxygen unite with 53 X 8/47 or 9 gms. of the element, 
the equivalent of the element is 9. 

Let the valency of the element be x. • 

its atomic weight ss valency X equivalent ~ 9x. 

Suppose the formula of the chloride is MClx. 

9x 4- 35.5x a=a 132, whence x » 3. 

0.1 g. of a mutal of which the specihe heat is 0.214, on solution in hydro* 
ehlmc acid displaced 124.4 c.c. of dry hydrogen at N.T.P. Calculate the atomic 
weight ci the metal. Cateutta^ '53 

Equivalent weight of the metal « 0.1/124.4x0.00009 » 8.933 
Rough atomic weight n 6.3/0.214 » 29.44 

valer^ « roufi^h atomic we^ht/e^juiva^pnt weight sn 29.44/8.933 
^ 3.296 M 3, since valency is an intorer. 
exact atomic weight » 8.933 x 3 26.80. 
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y 5. A volume of 33.6^ c.c. of phosphoruil'intpour weii^ 0.0625 gm. at 546*'C 
j&d 76 cm. pressure. What is the molecular weight of phosphorus and what is 
^ts atomicity ? 

Let the volume of phosphorus vapour at N.T.P. = » c.c. 

i;x760 _ 33.6 x 760, . , , „ ^ 

^ * 273 ”(273+546) " 

Gram-molecular weight of any gas or vapour occupies 22.4 litres at N.T.P. 

/. molecular weight of phosphorus vapour = = 125 gm. 

molecular weight 125 . ^ . 

Atomicity = ; = -37- = 4.03 = 4 (to nearest integer). 

atomic weight J1 


6. What is meant by the equivalent weight of an element and how is it related 
to its atomic weight ? Describe an experiment to determine the equivalent of copper. 
What further facts and reasonings are required to fix its atomic weight ? 

7. What do you mean by the term atomic weight ? State clearly tlie reasonings 
cixmloyed in deriving the atomic weight of an clement. What were the earlier 
^imculties ? 

8. '*Tke atomic weight of gn element is the number of times one atom of it is heavier th&n 
the sixteenth part of the atom of oxygen"*. Explain how this definition has arben. 

9. 10.788 g. of metallic silver (at. wt. 107.88) when heated in chlorine, yielded 
14.3337 g. of silver chloride. Calculate the atomic weight of chlorine. 35.457 

10. 0.3697 g. of^M liberated 0.04106 g. of Hg on being dissolved in a strong 

solution of sodium hydrate ; hnd the at. wt. of Al. 27.009 


11. 0. 1 17 g. of a metal when dissolved in dilute hydrochloric acid evolved 117 c.c. 
of dry hydrogen gas at 12®G and 766 mm. Find the equivalent of the metal 1 1.5 

12. 1.113 g. of Cu combine with 0.28 g. of Oj. Calculate the equivalent of 

copper. Lond. Mat, 31.8. 

13. Magnesium oxide contains 60% magnesium. What b its equivalent 

weight ? 12 

y^4. 0.24 g. of a metal (at. wt. 24) displaces 224 c.c. of Hj at N.T.P. from an 
dcid. What is the valency of the metal ? 2 

^15. The hydride of an element (at. wt. 31) contains 8.82% M2. What b tlie 
mency of the element ? 3 

^16. In an experiment*0.49 gm. of a metal when dissolved in HCl gave 295 c.c. 
d^ry hydrogen at 22®C and 752 mm. of Hg. The sp. ht, of the metal was found 
to be 0.152. • Calculate the equivalent and at. wt. of the element. 

Eq, wt, = 20.15 ; at, wt, == 40.3 

17. The chloride of a metal contains 54.42% chlorine (at. wt.‘ 35.5). The 
vapour density of the* chloride is 8.16 (0 = 1). Calculate the equivalent of the 
metal and the molecular formula of the chloride. 

Madras Inter, ; eq, wt, 29.73 ; MCI4 

18. 0.2213 gm. of a metallic chloride required 0.510 gm. of silver nitrate to 
precipitate exacUy the chlorine. The sp. ht. of the metal was 0.057* Find the 
^uivalent, atomic weight and valency of the metal. 

^ (At. wt. of Ag. 108 and that of Cl* 35.5) 38.24 ; 114.72 ; 3 

^ 19* 4.215 gm. of a metallic carbonate were heated in a lM|rd glass tube and 
lie carbon dioxide evolved was collected over mercury. It waik found to measure 
1336 C.C. at 700 m.m. and 27^0. What was the equivalent of the ? 

Madras fiUir , ; 12.15 

A 20? When 0.6 gm. of magnesiunawas treated with dilute HGl and theliydrogen 
molv^ was collectra over water in an eudiometer at 755 mm. and 20*0 vt^me 
^ the gas was (bund to be 626 c.c. The height of water in the eudiometer vw 200 
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m.m. Find the equivalent weight of magnesium. Aqu^lfus tension at 20°G is 
17.5 mm. 12 

21 . An element X forms a chloride which is isomorphous with potassium chloride 

and contains 25.87% chlorine. Calculate atomic weight of X. 101.7 

22. The oxides of two metals A and B are isomorphous. The metal A whose 
atomic weight is 52 forms a chloride whose vapour density is 79. The oxide of the 
metal B contains 47.1% of oxygen. Calculate the atomic weight of B. 

Rangoon Inter. ; 27 

23. When 3.565 gm. of a compound MS 04 .xHa 0 was heated to 100®C, it gave 

2.522 gm. of MSO 4 . 3 H 2 O. The latter compound when further heated to 150®C 
gave 2.00 gm. of the compound MSO 4 .H 2 O. Find the equivalent ^f M and the 
value of X. Eq. wt. 12 ; x = 7 

24. In an c.xperiment 2.470 gm. of copper oxide was obtained by oxidising 

1.986 gm. of copper by nitric acid ; 0.335 gm. of copper was precipitated by 0.346 gm. 
of zinc from a solution of copper suplhate. Find the equivalents of copper and 
zinc. Gu = 32.8 ; Zn 33.88 

25. An oxide of a metal contains 30% oxygen. Its chloride contains 65.5% 

chlorine. 100 c.c. of the vapour of the chloride at N.T.P. weigh 0.72 gm. The 
sp. ht. of the metal is 0.1 14. What are its equivalent, atomic weight, and the formula 
of the chloride. Eq. wt. = 18.67 ; at. wt. = 56 ; MGI 4 

26. 10. 1 c.c. of dry chlorine gas at 1 5®C and 750 mm., were absorbed by potasium 

iodide solution. The liberated iodine produced 0.1982 gm. of silver iodide. Silver « 
iodftle contains 54.04% iodine and the equivalent of chlorine is 35.5. Find the 
equivalent of iodine. Mol. wt. of CI 2 is 71. 127.0 

27. Two salts, each containing potassium, oxygen, and one another element, 

were found to be isomorphous. One contained 2J3.2% potassium and 25,6% 
chlorine ; the other contained* 24.7% potassium and 34.8% manganese. What 
value for the atomic weight of maganeae is indicated by these data ? 55 

28. The equivalent weight of a volatile metal is 100.3. The specific heat of 
the metal is 0.033. 0,25 gm. of the metal occupies 79.5 c.c. at 500®C and 760 mm. 
Calculate the atomic weight of the metal and the molecular weight of its vapour- 

At. wt. = 200.6 ; mol. wt. = 199.5 
.29. 0.25 g. of an element when heated in oxygen produced 0.917 g. of a (gaseous 
xide. One litre of this oxide at N.T.P. weighs 1.98 g. Calculate the equivalent 
^nd atomic weight of the element. Eq. wt. 3 ; at. wt. 12 

30. 0.0396 gm. of a metal was completely dissolved in IlCl, and the hydrogen 
evolved was mixed with oxygen and sparked. 13.75 c.c. of dry oxygen measured 
at 27®C and 681 nim. pressure were required for complete combustion. 

Find the equivalent weight of the metal. Mysore Inter. ; 19.8 * 

31. 2.67 gm. of the chloride of a metal is heated with concentrated sulphuric 

acid until a residue of the sulphate of thtf metal weighing 3.42 gm. is obtained. 
Calculate the equivalent weight of the metal. • 9 

32. A metal M which is divalent in its ordinary salts, forms an oxide whic^ 

contains 90.66% of the metal. When 13.70 gm. of its oxide were treated with nitric 
acid, 13.24 gm. of the nitrate were formed, and an insoluble residue weighing 4.78 
was left. The residue was shown by analysis to be another oxide of M containing 
86.61% of M. From these data calculate the formula? of the tw’o oxides and the 
atomic weight of M. M 304 ; MOs ; at. wt. = 207 

33. 1.560 gm. of a liquid chloride of phosphorus were decomposed by excess 

of water. I'hc resulting liquid, after adding silver nitrate, filtering, washing aiMi 
drying the precipitated silver chloride, gave 4.883 gm. of silver chloride. Calculate 
the equivalent of phosphonis, assuming the equivalents of silver and chlorine to 
be 108 and 35.5 respectively. 10%44 

34. Define equivalent and atomic weights. State Dulong and Petit’s law and 
discuss its importance. The chloride of a metal M, contains 20.2 per cent of the 
metal. Its specific heat is 0.224. What is the accurate atomic weight of the metal ? 
If the vapour density of the chloride is 66.7, \^at b its molecular formula ? 

Punjab, ’51 ; at. wt. 26.9 ; MCyi': 
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/ 35. A cerUun metal^rms two oxides. When 0.5 g. of the first oxide was heated 
^ hydrogen, 0.1687 g. of water was obtained, while 0.4 gm. of second oxide under 
similar conditions yielded 0.1000 g. water. . Calculate the equivalent of the metal. 

GauhaHm2. 18.66 ; 26 

/ 36. 0.3 gm. of a mixture of sand and magnesium gave 180 c.c. of hydrogen 
4it 10‘’G and 750 mm. Given that the equivalent of magnesium is 12, and that sand 
has no action on the acid. Find the percentage of sand in the mixture. 38.8% 

37. How much lime could be obtained from 0.7 gm. of pure calcite ? 

Equivalent weight of calcium is 20 . 0.392 gm. 

38. Ferrous sulphate combines with ammonium sulphate to form a double 

sulphate whiefi is isomorphous with the compound CuS 04 .(NH 4 )gS 04 . 6 Ha 0 and 
which contains exactly one-seventh of its weight of iron. Find the atomic weight 
<d iron. 56 


39. An element forms a hydride whose vapour density is 17, and which contains 

16/17ths of the clement. There is no other compound whose gm. molecule contauu 
less of the element tlian this compound does. What is its most probable atomic 
weight ? 32 

40. 363 c.c. of H* at 15®G and 756 mm. were liberated from dilute H,S 04 by 
1 g. of zinc ; 0.973 g. of Cu was deposited by the action of a solution of copper sulphate 
on 1 gpn. of zinc. Calculate the equivalents of zinc and copper. 

Land, Mat. Zn 32.44 ; Gu 31.56 


/ 41. 1 g. of the chloride of a bivalent metal when treated with excess of silver 

mtrate, gave 0.965 g. of AgCl. Calculate atomic weight of metal, Ag « 107.9 find 
a = 35.5. Punjab Inter., 1932 ; 226.2 

42. 20 gm. of tin were treated with dilute hydrochloric acid. When 1.12 litre 
of hydrogen at N.l'.F. has been evolved tlie reaction was stopped, and the weight 
of tin remaining was found to be 14 gm. The chlbride of tin was found to have 
a vapour density of^4.5. Find the atomic weight of tin. 1 19 


j 43. On heating in contact with tin, sulphuretted hydrogen 
^^nverted into hydrogen without change of volume. Calculate 
'weight of sulphur. 


(density 17> is 
the equivalent 
16 


44. Explain the terms ‘atomic weight’ and ‘equivalent weight’. Discius the 
various methods by which the atomic weight of an element may be determinedr 
2.445 gm. of an acid reacted with 2.11 gm. of calcium carbonate, of which the 
equivalent is 50. What is the equivalent of the acid ? 57.94 


45. 0.1166 gm. of the chloride of a metal was dissolved in water, and 21.0 c.c. 

of N/10 silver nitrate were needed for the complete precipitation of the chlorine as 
silver ‘Chloride. The specific heat of the metal was 0.15. Calculate the equivalent 
weight and the atomic weight of the metal. Eq. wt. 20.00 ; at. wt. 40.00 

46. State the relaticfiship between the atomic weight, equivalent weight, and 

valency of the element. 0.1755 g. of a*l)ivalcnt metal and 0.1316 g. of a trivalent 
metal when separately placed in dilute hydrochloric acid, yielded the same volume 
of hydrogen, viz., 190 c.c. at 27'’C and 720 mm. pressure. Find the equivalent and 
atomic weights of the metals. Calcutta ’52 


Bivalent metal : wt. 12 ; at. wt. 24 ; trivalent metal : eq. wt. 9 ; at. wt. 27. 

47. Define the term atomic weight. The oxide of an clement contains 28.6% 

oxygen and the vapour density of its chloride is 55.5. Calculate atomic weight 
of the element. Punjab *48 ; 39.94 

48. The chloride of an element contains 37.32 per cent chlorine. The vapour 
density of the chloride is 190(H = 1 ). Specific heat of the element is 0.CS76. Find 
the atomic weight of the clement and the formula of the chloride. 

Ajmer Inter. 1931 ; 238.56 ; MCI 4 

49. Define (a) atomic weight, and (b) equivalent weight of an element. How 

Ere they related to each other ? 1953 

50. By converting pure silver into silver nitrate Richards found the ratio 

Ag ;.AgNOs =s 1 ; 1.57479. Calculate the atomic weight of silver, assuxniiv that 
for idtrogen to be 14.008. 107.86 



IX 


MOLECULAR WEIGHTS 

The normal density of a gas is the weight of 1 litre of the gas at 
The norm^ density of hydrogen is 0.0899 g. or 0.09 g. 
•approximately. 

The relative density^ also called vapour density, of a gas 
t =3 norma l d ensity of the gas normal density of tt^ gas 
rormal density of 0,09 

normal density of a gas = the relative density x0.09 
*i.c. weight of 1 litre of a gas at N.T.P. = the relative density x 0.09. 

Suppose M = molecular weight of a gas in gms. 

D = normal density of the gas. 

V|»= molar volume. /. = M/D. 

For Ha, M = 2.016 and D == 0.09 /. =2.016/0.09=22.4 iitres. 

ForOa,M =32 and D = 1.429 /. =32/1.429 =22.4 litres. 

By Avogadro’s hypothesis V,» is tht same for all gases, hence • 

hi = 22.4D, M = 22.4 x0.09 x relative flensity 
or M = 2.016 X relative density. 

Molecular weights from density measurements. — ^The 
-calculation is usually based on the relations : • 

(i) M =2.016 X relative density, 

(ii) M = 22.4 X D, where D = normal density, 

(iii) M = wRT/PV, from gas equation PV = nRT = wRT/M, 

where P = pressure in atmosphere ; V = volume in litres ; 
w = weight of substance ; R = 0.082 litre-atmosphere ; T = tempera- 
ture in absolute degrees. 

Determination of Gao Densitieo : — ^Regnault’o method. — ^The method is 
•used to determine density of permanent 
gases. The apparatus consists of 2 glass 
-globes, as nearly equal in weight and 
•capacity (about 2 litres) as possible, 
suspended from the arms of a balance. 

The globe A is fitted with a stop-cock 
and is used to contain the gas whose 
density is determined ; it volume is 
obtained by weighing it filled with 
water. B is a com^nsating globe used 
as counterpoise to check the effect of 
any change in atmospheric conditions ; 

B is filled with air at normal pressure 
and scaled (fig. 40). 

The globe A is first evacuated and 
the accurately counterpoised by adding 
weights to the scale-pan above R. 

The globe A is then filled with the 
pure and dry iSi;as (at a given tempera- 
ture and pressure) and additional 
weights are put on the pan above B 
to restore the balance back to 
^equilibrium— these additional weights 
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is the weight of the known Volume of gas in globe A. The density of the gas is obtainedi 
by dividing the weight by volume. [The normal density of a gas is determined by. 
weighing a known volume of the gas measured ai The relative density of a 

gas may either be calculated by dividing the normal density by that of hydrogen,, 
or it may be found out by first weighing the globe A, full of the gas, and then full 
of hydrogen under the same conditions, and dividing the weight of the gas by that 
of hydrogen — in the latter method it is not necessary to know the volume of the globe 
A.] 


Vapour densities and molecular weights.— (i) Victor 
Meyer’s method* — ^Relative density of a volatile liquid is generally 
determined by this method. 

In tnis method the vapour of a known weight of a volatile siiDslance 
is allowed to displace ar equal volume of air which is collected at 

the room temperature and pressure. The 
apparatus (fig. 41) is a long glass tube 
ending in a bulb at the bottom and having 
a side lube. In making a determination, 
the apparatus is cleaned and dried and a 
little sand placed in it. The open end of 
the tube is then closed by means of a cork, 
and the apparatus is placed in a widfer 
copper jacket in which a liquid boils — its 
boiling point being about 20*^0 higher 
than that of the isubstance takm for the 
experiment. The side of the glass tube now 
dips under water in a trough. When a 
steady state is reached i.e., when no further 
bubble escapes through the side tube, a 
graduated tube filled with water is inverted 
over the side tube, and a small stoppered 
bottle containing a known weight of the 
substance (about 0.1 gm.) is quickly 
introduced into the apparatus, and the 
cork replaced. The stopper opens 
automatically and the liquid vaporises 
quickly— the vapour displacing an equal 
Fig. 41 volume of air which is colic cted in the 

graduated tube — the tempeiature and the 
baiometric pressure*being noted. 

Calculation.— Weight of the substance = iv gm. 

Volume of air displaced = v c.c. 

Barometric pressure = P mm. 

Temperature of water = t®C. 

Aqueous tension at t'^C =/ mm. 



Volume at N.T.P. 


v{P-f) X273 
^273 +0 x 760 ^ • 


= v' (say) 


Weight of an equal volume of hydrogen = X 0.00009 gm. 
vapour density wiv' X 0.00009. 

BaerdM — 0.22 g. of a substance when vaporised in Victor Meyer's apparatus 
diqslaced 45 c.c. of air collected over water at 20^C and 755 mm. pressure. 
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Calculate the mol. wt. of the substance. Aqueous tension at 20°C is 17.4 mm. 

Punjab *45 

(i) Volume of vapour I volume of air displaced 

= 45X X (273^6)“ 

Weight of same volume of H 2 at N.T.P. = 40.81 X 0.00009 gm. 

0 22 

vapour density of the substance = ^ 60. 

molecular weight = 2 x60 = 120. 

(ii) Volume of vapour =» 40.81 c.c. at N.T.P. 

40.81 c.c. at N.T.P. weigh 0.22 gm. 

/. 22.4 litres at N.T.P. weigh j ^ 120.7 gm. which is the mol wt.^ 

since 1 gram molecular weight of any gas occupies 22.4 litres at N.T.P. 

(iii) PV = wRT/M 

„ . ^ 755-17.4 737.6 

P = pressure in atmospheres = — atmosphere. 


V — volume of vapour in litres ~ 0.045 litre 
• w = weight of substance = 0.22 g. • 

R = 0,082 litre-atmosphere ; T = 273 + 20 = 293^=* absolute. 
wRT 0.22x0.082x293x760 - 


XVI pv“~ 0".045;>< 737.6 

(ii) Damas’ method. — ^The method 

only. In this method a thin glass bulb 
(capacity about 200 c.c.) with a drawn 
out neck, is cleaned, dried, and weighed 
(fig.* 42). By dipping the neck in the 
liquid whose density is required, and 
by alternate heating and cooling, about 
100 c.c. of liquid is introduced into 
the bulb. The bulb is then held 
immersed in a constant temperature bath 
of water, oil or molten wax (temperature 
being 30® — 40® above the boiling point 
of the liquid), so that the tip of the neck 
is above the surface of the bath. The 
liquid begins boiling, giving off vapour 
which completely displaces the air in 
the bulb. 

When the evolution of vapour stops 
and the bulb \s full of vapour only^ the neck 
is sealed off — the temperature of the bath, 
and the barometric pressure at the time 
of scaling are noted. 

The bulb is next removed from the 
bath, cleaned and weighed. Finally the 
neck is broken under the surface of 
previously boiled water— the water enterj 
bulb full of water is weighed. 


is applicable to easily ^olatalisable liquids 



Fig. 42 

the bulb and fills it completely. The 


Calculation. — Let the weight of bulb filled with air « a gm. 

weight of bulb filled with vapour s b gm. 
weigl^t of bulb filled with water « c gm. 
temperature of weighing == t®G 
temperature of bath = t'®G * 
barometric pressure = P mm. 
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volume of bulb at t^G a (c— a) c.c. 

Volume of air filling bulb at N.T.P. =« (c— a) X — X ^ 273 ^ * ' ^ 

Density of air at N.T.P. = 0.001293 gm./c.c. 

/. weight of A C.C. of air at N.T.P. = 0.001293 X A gm. 

Weight of vacuous bulb = (a — 0.00 1 293 X A) gm. 

Weight of vapour filling the bulb at t^'C and P mm pressure 
= [b~(a-0.001293xA)] gm. 

1 - 273 

Volume of this vapour at N.T.P. = (c— a) X ^ X ^ 

normal density of vapour = gm/Iitrc 

mol. wt. = 22.4 X normal density. 

Molecular weights in solution* — More common methods 
involved measurements of : 

(i) osmotic pressure of a solution ; 

(ii) lowering of the vapour pressure of a solution ; 

(iii) depression of [he freezing point of a solution ; , 

(iv) elevation of ike boiling point of a solution. 

(i) Osmosis and osmotic pressure* — A solution has a tendency 
to dilute itself ; when a solution is separated from a solvent by a 
semi-pcrmeabl6 membrane, there occurs a spontaneous flow of the 
solvent through the membrane from the solvent to the solution side — 
this spontaneous flow of solvent is known as osmosis^ and was first 
observed by Abbe Nollet in 1748. 

A semipermeabU membrane is a medium 
which when used as a parti lion between 
a pure solvent and a solution freely lets 
through the solvent but not the solute. In 
the case of two solutions of different 
concentrations the flow of solvent is from 
low to high concentration of solute. 

Abbe Nolle t’s experiment* — Osmosis 
was demonstrated by this experiment in 
which a semipermeable animal mefnbrane 
(pig*s bladdar) was stretched across the 
mouth of a thistle funnel ; the funnel was 
filled with a strong* solution of cane sugar 
and inverted over a trough of distilled 
water (Fig. 43). Osmosis occurs and the 
flow of water through th6 membrane causes 
the level of solution in the stem A of the 
funnel to rise gradually until a steady definite 
maximum level is attained. When the 
steady state is reached, the hydrostatic pressure 
of the column of solution becomes equal to 
the pressure forcing the water in and is just 
sufficient to prevent the flow of more solvent 
into the solution. This pressure, developed Fig. 43 

as a result of osmosis, is known as the osmotie pressure of the solution. 

In the light of the alx>ve*experiment the osmotie pressure of a solution 
ineef be defined as the excess pressure which must be exerted on the solution when 
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a solution and a solvent are separated by a semi-permeable membrane in order 
to just prevent the flow of the pure solvent through the membrane into the solution. 

Measurement of osmotic pressure : Pfeffer’s method* — 

Animal membranes are too weak to withstand fairly high pressure in 
actual measurements and easily give way. Copper ferrocyanide is 
an ideal scmi-pcrmcablc membrane for this purpose. 

Copper ferrocyanide is deposited on the walls of a porous 
(unglazed porcelain) pot, P ; the pot is then cemented *to a giass 
tube, g, which in its turn is fitted 
. with a calibrated air manometer, m. 

The pot is filled witn the solution 
and then placed ir a tank of distilled 
water at a constant temperature 
(fig. 44). Water flows into the 
solution and develops a high 
pressere. Sufficient time is given 
for the system to attain equilibrium 
andi the osmotic pressure at the 
temperature of the experim'snt is 
read off from the manometer. 

Laws of osmotic pressure* — 

(i) a constant temperature the 
osmotic pressure of a solution is 
proportional to concentration. 

Let P == osmotic pressure ; 

C = concentration of a solution, 
expressed in moles per unit volume 
of the solution, and V == volume of 
the solution containing 1 mole of the solution, then G = IJV, 

/. P oc C, or P = constant x C, or PV == constant, at constant 
temperature. This is the anaiogue of Boyle’s lay'. 

(ii) For a given concentration the osmotic pressure of a solution is proportional 
to the absolute temperature, 

P oc T or P = constant X T. 

This is the analogue of Charles’s law. 

The t^^o laws may be combined in the single equation : 

PV = R 'T, where R ' is a constant. 

This equation which is similar to the gas equation PV = RT, is 
often called vanU Hoff equation for dilute solutions ; the two constants 
R' for solutions and R for gases, have the same value 0.082 litre- 
atmosphere. Hence the gas equation PV = RT is valid for dilute 
solutions, wheie P is tne osmotic pressure. 

This clearly shows the parallelism between the properties of solutions and gases, 
and therefore '*the osmotic pressure of a dilute solution is equal to the pressure which 
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the dissolved solute would exert if it were a gas at the same temperature, and occupied 
the same volume as the solution’*. 

For n gram molecules of tlie solute, PV = nRT. 

It follows that equal volumes of solutions having the same osmotic 
pressure and at the same temperature contain equal number of 
molecules of solute. This is the analogue of Avogadro’s hypothesis. 
These laws of osmotic pressure arc valid for dilute solutions of non- 
^lectrolytes ^pnly and marked deviations are observed when : 

(i) the solution is more concentrated than deci-normal ; 

(ii) the solute associates or dissociates in solution. 

Two solutions having the same osmotic pressure are known as 

isotonic solutions. 


Molecular weight from osmotic pressure. — In the equation 
PV = nRT, ri = w/Al, where w = weight of solute in V litres of 
45 olution and M = molecular weight of the solute. 

/. PV = wRT/M or M = wRT/PV. 

P is expressed In atmospheres and R is equal to 0.082 litri- 
atmosphere. 

Exercise. — ^Thc osmotic pressure of a 2 per cent solution of acetone in water 
is 590 cm. of mcr^.ury at lO'C, What is the molecular weight of acetone ? 

Cal. B.Sc., ’35 

« 590 ^ 100 . , 

I* sss fttmospiicrc j lOOO"^^ t)** litre ^ 

U = 0.082 litre-atmosphcrc ; T = 273 + 10 = 283“ abs. ; ni •= 2 gm. 
wRT 2x0.082x283x76 „ 

PV-=--o.lx.590 - =59.77. 


(ii) Lowering of vapour pressure. — ^When a non-volatilc solute is dissolved in 
liquid the vapour pressure of the latter is lowered —the lowering of the vapour pressure 
being proportional to the concentration of the added solute. 

is the vapour pressure of a pure solvent and p, that of the solution, at a given 
temperature, then {p°—p) is the lowering of vapour pressure, and is known 

as tiic relative lowering of vapour presmre^ 


Raoidt’s law. — RaouWs law state.s that the relative lowering of the vapour pressure 
of a solution is equal to the mol fraction nf the solute in solution. 

If N and n he tlie number of moles of solvent and solute respectively, then raol 
fraction of solute * n/(N+n). 

Hence, by Raoult’s law, ^ . 


^ approximately for dilute solutions. 


If the solution consists of w gms. of solute (mol. wt. m) and W gms. of solvent 
(mol. wt. M), then 

w/nr^ 

W/M 

The molecular weight of a sqjute may be determined from the above expression 
by making a solution of known weights of solute and solvent (mol. wt. of solvent 
bang known) and by measuring tlic vapour pressure of the solution and the solvent. 
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^ii) Depression of the freezing point. — ^The freezing point of a 
solution is less than that of the pure solvent. The lowering of fiees^ng 
point of a solution is proportional to the concentration of the solute, 

dt oc C /. dt = KC, 
where dt = depression of freezing point ; 

C = molal conesntration, i.e., the number of gram molecules 
of solute dissolved in 1000 gms. of solvent. K = is a constant, called 
molal depression of freezing point or cryoscopic constant, i.e., the depression 
of freezing point caused by dissolving 1 gram molecule of a solute 
in 1000 gms. of the solvent. 

Let W gm. of solvent contain in dissoved state w gms. 

(molecular weight m; or w/m gram molecules of solute. 

/. 1000 gm. of solvent contain (w/m) X ^1000/W) gram 

molecules of the solute. 


w X 1000 , ^ w X 1000 

G = - -ur or dt = K. = .-7* 

m X W m X W 


m = K. 


lOOOw 
dt W •• 


(i), also K = 


0.002T2 

i: 


(U) 


where T = freezing point of solvent in degrees absolute, and I == latent 
heat of fusion of solvent per gram. From equation (i) and (ii) m 
can be calculated. 


Tlic equation holds good for dilute solutions of non-eUctrolytes 
only- — the solution on freezing must deposit crystals of pure solvent only, 

Moial cryoscopic constants for few solvents ar5 as follows : 

Water 1.86 Benzene 5.12 

Acetic acid 3.90 C.imphor 40.0 

• 

Exercise. — 1 .25 gm. of a hydrocarbon dissolved in 29.7 c.c. of benzene depressed 
the freezing point from 5.4°G to 3.52G. Calculate die mol. wt. of the hydrocarbon. 
Latent heat of fusion of benzene is 29.1 cals, per gram and the density 0.878 gm. 
per c.c. • 

„ 0.002T® 0.002(273-1-5.4)3 _ ^ 

i 29.1 


w = 1.25 ; W = 29.7 XO.878 gm ; dt = 5.4-3.52 = l.88'’G 

wx 1000_ 5.325 X 1.25 X 1000 _ , 

“ “ ^ WxdT“ 29.7 x0.878 x 1.88 " ‘ 

Determination of Lowering of Freezing Point. — A very sensitive Beckmann 
thermometer is used in the determination. It has a large bulb and only six degrees 
on the scale — each degree is graduated into 100 division. There is a reservoir at 
the top of the capillary tube from whicli mercury can be drawn into the tu^ and 
bulb when lower temperatures arc required or into which mercury can be made 
to overflow if higher temperatures are us^. The actual readings on the scale are 
immaterial, as their difference only is required. 
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Beckmann’fl Method* — ^An accurately weighed quantity of pure solvent (about 
20 g.) is taken in a tube (fig. 45) whicn is fitted with a platinum stirrer and a 
Beckmann thermonofiter through a cork, so that the bulb is covered with 

fiquid. The thermometer is previously set so as- 
to get the freezing point of the pure solvent towards- 
the top of the scale. The tube is fitted through 
a cork into a wide tube which simply acts as an 
air jacket and prevents too rapid fall in temperature. 
The tube is then placed in a freezing mixture (icc 
and salt) in a jar. The solvent is gently stirred — the 
stirrer in the freezing mixture is also worked and the 
thermometer observed. The mercury falls gradually 
to a certain point, when the solvent supercools 
slightly below its true freezing point. Vigorous 
stirring is then started when freezing commences 
and the mercury column at once runs up to the 
freezing point and remains stationary on the 
thermometer. It is then read off with a lens. 

The tube is then taken out and allowed ta 
warm till the solid solvent melts. A weighed 
quantity of solute (about 0.2 g.) is then introduced 
through the side tube and dissolved in the solvent 
by stirring. The tube is then replaced in the .lir 
jacket which in its turn is placed in the freezing 
mixture. The solution is stirred and cooled as witn 
the solvent and the freezing point of the solution 
read off. The difference between the two readings 
g^ves the depression of the freezing point. 

(iv) Elevation of boiling point* — 

Since the boiling point of a liquid is the 
tempcratuie at which its vapour pressure 
is equal to atmospheric pressure, a solution 
Fig. 45 of which the vapour pressure has been 

lowered by the addition of a non-volatile solute, boils at a higher 
temperature than the solvent. 

Elevation of boiling point of a solution is proportional to the concentration 
of the dissolved solute^ i/., 

d1^ oc G or dt = K.C, 
where dt = elevation of boiling point, 

G = molal concentration, i.e., number of gram molecules of 
solute in lOOt) gms of solvent ; 

K = a constant, called molal elevation of boiling point or boiling 
point constant, caused bv dissolving 1 gram-molecule of 
solute in 1000 gms. of solvent. 

Let W g. of solvent cor tain w gm. (molecular wdght m) or w/m 
gram molecules of the solute. 



1000 g. of solvent contain (w/m) x(1000/W) gram moleculea 
of solute. ? « 
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C = — or dt = K. 
m X W 

1000 w 


^ X 1000 

m X W 

^ 0.002T2 

ISO K = ^ 


m K. ^ (i) also K = ^ (ii; 

T = boiling point of the solvent in degrees absolute, and 

I = latent heat of vaporisation of the solvent per gram. 

The equations hold good for dilute solutions of non-volatile non- 
electrolytes only. 

Molal Boiling Point Constants for few solvants are as follows : 


Ethyl alcohol 


0.513 Acetone 
1.20 Benzene 


Determination of elevation of boiling point. — ^Landsberger*s method. — In 

this method the liquid is raised to its boiling point by passing a stream of vapour 
of the pure boiling solvent into it ; 
the vapour on condensation gives 
out latent heat of vaporisation which 
heats the liquid to its boiling point 
without any risk of superheating. 

The apparatus is shown ih 

fig. 46. The pure solvent (about 
5 c.c.) is taken in the graduated 
tube A, having an orifice just 
above the bulb ; the tube is fitted 
with a thermometer graduated in 
tenths of a degree and a delivery 
tube from the flask D in which the 
pure solvent is kept boiling. The 
tube is fitted with an outer jacket 
B which is attached to a condenser 
at G. The vapour of the pure 
solvent from the flask D where it 
is kept boiling passes into the 
solvent in the tube A and condenses 
there, its latent heat of vaporisation 
raising the liquid to its boiling 
point, which is read from the 
thermometer when the temperature 
becomes steady — the excess vapour Fig* 46 

escape through the orifice into the 

outer jacket B and provide a hot jacket round A and is finally condensed by the 
condenser C. After recording the boiling point of the solvent, the vapour is cut 
off and greater part of liquid in A is poured back into D, only about 5 to 7 c.c. being 
left behind. A weighed amount (about 0.2 g.) of solute is then added and dissolved 
in the liquid in A and the boiling point is again determined as before. The 
temperature is read off and immediately afterwards the supply of vapour is cut by 
disconnecting the flask D ; the burner from under the flask D, the thermometer and 
delivery tube from A, all are removed and the volume of the solution is read on the 
graduated tube and the weight of solvent calculhted from the density. Usually 
successive determinations are made by passing in more vapour until the boiling 
point is again reached. 

8 
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Exercise. — solution containing 0.5042 g. of a substance dissolved in 42.02 g. 
of benzene boils at 80.175°G. Calculate the mol. wt. of the substance. Benzene 
boib at SO'^G and its latent heat of vaporisation is 94 cals, per gram. 

^ 0.002Ta 0.002(273+80)* „ 

K = ^ - = — = 2.652 

w = 0.5042 g ; W = 42.02 g. ; dt = 80.175-80 = 0.175°G 

^ wXiOOO _ 2.652 x 0.,5042x 1000 „ 

^ Wxdt “ 42.02 x 6.175 “■ 

Molecular weight by eflfusion method. — ^The method is based 
on the relation : 

ti V di“V Ml 

where tg and are rates of effusion of two gases of molecular weights 
Mg and Mi respectively. 


^ Exercises 

1> Explain what is meant by (a) molecular weight, (b) vapour density. What 
is the relation between the two ? Describe a method for the determination of the 
molecular weigh ^ of a volatile liquid. * 

2. 0.178 g. of a liquid is vaporised in Victor Meyer apparatus ; 28.6 c.'c. of 
air was displaced and collected over water, at 15®C and 754 mm. Calculate (a) weight 
of I c.c. of vapour, (b) vapour density, (c) molecular weight of the substance. Aqueous 
tension at IS^’C is 12.8 mm ; density of H, is 0.09 g.//. 

(a) 0.006732 gm., (b) 74.8, (c) 149.6 

3. 0.22 g. of a substance when vaporised displaced 45.0 c.c. of air measured 

over water at 20®C and 755 mm. Calculate molecular weight of the substance. 
Aqueous tension at 20^ is 17.4 mm. Punjab Inter, 1945 ; 120.1 

4. What is meant by gram molar volume ? 2.762 g. of a gas occupy 3.895 
litres at 20'’G and 780 mm. Calculate its molecular weight. 

Punjab Inter, 1940 ; 17 

5. Calculate the mean molecular weight of air, and its density at N.T.P. and 
at 27‘'C. Air contains 80% N 2 and 20% O 2 by volume. 

Mean mol. wt. = 28.8 ; d = 1.286 g.// (N.T.P.) and 1.170 g.//. (27®G) 

6. ^^’hat is meant by osmotic pressure of a solution and how it is measured ? 

Calculate the osmotic pressure at 25®C of a solution containing 5 gms. of urea (mol. 
wt. 60) in a litre of solution. 2.036 atm. 

7. A 4 per cent solution of ribitol in water is found to have the same osmotic 

pressure at 34-C, as a S.per cent solution of glucose (mol. wt. 180) at 18°. Find 
the molecular weight of ribitol. Cambridge Entrance School : 152 

8. Describe the effect of a non-volatile solute on (a) the freezing point, and 
(b) boiling point of a solvent. Describe how you would determine the molecular 
weight of (i) chloroform, (ii) glucose, and (iii) urea. 

9. Explain how the molecular weight of a substance in solution may be 

determined from observations of the depression of breezing point. If 1 g. of a substance 
is dissolved in 15 gm. of water the freezing point is lowered by 0.37°C. What is 
the molecular weight of the dissolved substance ? The freezing point constant 
for water is 1 .9. 342 

10. A solution containing 0.^269 gm. of camphor (mol. wt. 152) in 32.08 gm. 

6f acetone (boiling point 56.3°G) boiled at 56.55°C. What is molar elevation for 
acetone and its latent heat of vaporisation ? K 1.677 ; f ^ 129.3 cal./g. 
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THE LAW OF MASS ACTION 

Reversible reactions. — ^There are many chemical reactions of the 
type A+BG = AB+G which do not go to completion in one direction 
])ut proceed only to a certain point since the opposing reaction 
AB+G = A+BG can take place at the same time and under the 
same conditions as the direct reaction. A state of equilibrium is 
reached when the two opposing reactions balance each other ; 

Thus, when a mixture of equivalent amounts of hydrogen and 
iodine is heated in a sealed bulb at 356 ‘^G, about 80 per cent of it 
is converted into hydrogen iodide, however long the heating is 
continued : Hg + la == 2 HI. If hydrogen iodide is heated uhder the 
same conditions, only 20 per cent of it is decomposed : 2 HI = Hg+Ig. 
At this temperature hydrogen, iodine and hydrogen iodide are said to * 
remain in chemical equilibrium ; the equilibrium independent of time. 
The state of equilibrium obtains whether oni starts with a mixture 
of hydrogen and iodine or with pure hydrogen iodide ; in other 
woids, the rtaction is reversible^ — a reversible reaction can, therefore, 
proceed ir either direction. * 

When the equilibrium is attained, the formation of hydrogen 
iodide, HI, from its elements and its decomposition into Hg and Ig 
take place with equal and opposite speeds^ so that as much HI formed 
as is decomposed in a given timr. Two opposing reversible reactions 
balance each other at equilibrium, which is writtea as : Hg+Ig ^ 2 HI, 
and the action is called a balanced action. 

Steam is decomposed by red-hot iron giving hydrogen and 
f2vroso-fe*ric oxide ; 3Fe+4H20 = Fe304+4'H2, and under the same 

conditions the oxid^ of iron is reduced by hydrogen giving iron and 
steam : FC3O4+4H2 = 3 Fe+ 4 HaO. A state of equilibrium is set 

up when as much steam is decomposed as is formed in a given time ; 

3 Fe+ 4 HgO ^ FC3O4+4H2. 

Effect of insolubility or volatility. — Sometimes a reaction 
appears to go to completion instead of to a state of equilibrium. This 
is because of the disturbance of the equUibriuTK state when one or more 
of the products deposit as a precipitate owing to insolubility or pass 
into the gaseous state due to thtir volatility^ and do no longer influence 
tlic reaction. 

(i) When barium chloride solution is added to dilute sulphuric aied the 

equilibrium : BaClp + HjSO* % BaS 04 + 2HC1, 

is disturbed owing to the precipitation of barium sulphate, and as a result the reaction 
seems to go to completion. 

(ii) When strong sulphuric acid is added to common salt the equilibrium : 
NaCl + HaS 04 NaHS 04 + HCl, is disturbed o^-ing to escape of hydrogen chloride 
as gas and the reaction proceeds. 

(iii) When limestone is heated in a closed vessel the following equilibrium ; 
CaCOg % CaO + C02f is reached owing to the reversibility of the reaction ; but 
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when heated in a current of air, the carbon dioxide is carried away, and consequently 
calcium carbonate decomposes completely into GaO and C02* 

(iv) As stated above, the following equilibrium : 3 Fe + 4 HaO % Fcs04 4 * 4H2, 
is set up, when steam is decomposed by red-hot iron in a closed vessel ; when however, 
a current of steam is passed over heated iron, the hydrogen is removed from the 
sphere of reaction with excess of steam and the iron may then be completely oxidised. 
If on the other hand, a current of hydrogen is passed over heated iron oxide, the 
reverse reaction proceeds to completion. 

Irreversible reactions. — ^There are some reactions which proceed in one 
direction only ; they arc classed as irreversible reactions. Potassium chlorate, for example, 
decomposes by heat into potassium chloride and oxygen, 2KG10a = 2KC1 + SOg. 
The reverse reaction, i.e., formation of KGIO3 from KCl and O3 docs not occur. 
Hydrogen peroxide decomposes irreversibly into water and oxygen : 

2H2O2 = 2H3O + Oa. 

The law of mass action. — ^As slated above, the attainment of 
the state of equilibrium depends on the speed of a reaction. The 
principal factors which determine the speed of a chemical change 
are : temperature, pressure, catalyst and concentration of reacting sub^ 
stances. 

The effect of maiSs was studied by Giildberg and Waage in 1367 
who enunciated the law of mass action which states : 

At a given temperature the rate of a chemical reaction is proportional to 
the active mass of the reactants. 

The active mass is defined by the molar concentration of reacting 
substances, c.g., in gram molecules per litre. 

Consider the reversible reaction ; A + B C + According 
to the law of mass action, the speed of the forward reaction, witli 
which A and B react depends on the concentrations of A and B, i.e., 

Pi oc [A] [B], or Pi = ki [A] [B], 
where ki is a proportionality constant for the forward reaction. 

The concentration of a given substance A is denoted by its symbol 
in square brackets [A]. 

The products of tlie reaction B and C react to produce A and B. 
The rate of the backward reaction, p^, depends on the concentration 
of B and G, i.e., 

P 2 0 C[C] [D], or Pa=ka[C] [D]. 
where kg is a proportionality constant for the reverse rt action. 
At equilibrium Pi = v^, /. kj [A] [B] = kg [C] [D] 

. [gi^] 

•• ^ k, - [A] [B] 

The constant K is known as the equilibrium constant or the law of 
mass action constant ; K is constant at a given temperature. 

In general, if n molecules of a substance takes part in a chemical 
reaction, the corresponding concentration term is raised to the nth 
power. Thus, in the reaction : 

aA+bB ^ cC-\-dD, K “ 
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The magnitude of the equilibrium constant K is a measure to 
which substances react to form the products, i.e., a measure of chemical 
ajjinity. 

The following example of a reversible reaction is highly illustrative : 

Fe(N03)» + 3NH4GNS ^:?Fc(CNS)a + 3NH41NO3 

Ferric nitrate and ammonium thiocyanate in solution produce ferric thiocyanate 
which is deep red in colour. The colour deepens greatly on the addition of an excess 
of either of the reactants, but if NH4NO3 is added, the reverse reaction takes place 
and the colour becomes distinctly paler. * 

Le Ghatclier’s principle* — The effect of change of temperature 
• and pressure on chemical equilibrium can be predicted by Le Chatelier^s 
principle which states : 

If one of the conditions of a system in equilibrium be altered^ the system 
will adjust itself in such a direction as partially to neutralise the change in 
condition. 

(i) Effect of temperature on equilibrium. — Consider the 
synthesis of ammonia : 

• N2 + 3Ha 2NH3 + 22000 ca^s. 

This is an exothermic reversible reaction. When the temperature of 
the system in cquililjrium is raised, then according to Le Chatelier’s 
principle that change occujrs which absorbs heat and tends to lower 
the temperature, i.e., the decomposition of ammonia into the elements 
is favoured, and when the temperature is lowered that change occurs 
which evolves heat, i.e., the formation of ammonia is favoured. In 
geufral, the principle predicts that increase in temperature favours an 
endothermic change and decrease in temperature an exothermic change, 

(ii) Effect of pressure on equilibrium. — Consider the reaction. 

Na + SHa ^ 2NH3 

1 mole 3 moles 2 moles 

A total of 4 molecules of nitrogen and hydrogen give 2 molecules 
of ammonia, that is, the formation of ammonia takes place with 
decrease in number oT molecules an<J with a consequent decrease in 
volumv at a given temperature and pressure, since pv = nRT ; if the system, 
oa the otlicrhand, be kept at constant volume, the Mccrease 
ill number of molccuiCS would cause a decrease nn pressiuc, since 
PV nRT. . • . . . 

When pressure is applied to the system^ in equilibrium, then 
according to Lc Chatclicr’s principle, that change occurs which causes 
a fall in pressure, i.e., a decrease in number of molecules and hence 
favouring increased formation of ammonia. 

Hence, increase of pressure on a system in equilibrium favours that change 
which takes place with decrease in volume. 

The decomposition of ammonia into nitrogen and hydrogen 
takes place with increase in number of molecules and with a consequent 
increase in volume, or if the volume is jeept constant, it will cause 
an increase of pressure. When pressure is lowered on the system in 
equilibrium, that change occurs which takes place with an increase 
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of pressure, i.e., with an increase in number of molecules and 
consequently decomposition of ammonia is favoured. Hence, decrease 
of pressure favours the change which occurs with increase in volume. 

In all cases where the total volume is unchanged by a reaction^ pressure has 
no influence on the equilibrium state. The equilibrium H 2 +I 2 2HI, 
for example, is independent of pressure. 

(iii) Eflfect on equilibrium of altering concentration. — (a) The 

effect of rernoving a substance from an equilibrium mixture. Consider the 
reaction : 


NaCl + H 2 SO 4 ^ NaHS 04 + HCl. 

The hydrogen chloride formed is a gas, and as it escapes, its concentration in 
the equilibrium mixture falls, and consequently, by Lc Chatclier’s principle, the 
equilibrium shifts in the direction which increases the concentration of hydrogen 
chloride ; this is a direction to the right, i.e., some more hydrogen chloride is formed. 
As the hydrogen chloride continues to escape, the forward reaction appears to go 
to completion. 

(b) The effect of adding a substance to an equilibrium mixture. Consider the dissociation 
of phosphorus pentachloride. 

^ PGI5 ^ PCI3 + CI3. 

On adding chlorine, its concentration in the equilibrium mixture increases, and 
hence the equilibrium changes in the way as stated by Lc Chatclier’s principle, 
i.e., in the direction which reduces the concentratipn of chlorine ; the equilibrium, 
therefore, shifts to /he left, forming some phosphorus pentachloride i.e., the extent 
of dissociation of PCls is decreased. The addition of PCI3 to the system has a similar 
effect. 

The addition of one of the products of dissociation, therefore, reduces 
dissociation. 

Abnormal vapour density. — A determination of the density of the vapour 
of a substance that undergoes thermal dissociation gives the density of the mixture 
of the products of dissociation, and not that of the original substance. One molecule 
of ammonium chloride, for example, dissociates on heating into one molecule of 
ammonia and hydrogen chloride : 

NH 4 CI % NH, + HCl 

The vapour would, therefore, occupy double the volume that would be expected 
if ammonium chloride volatilised unchanged ; the observed density for complete 
dissociation will be half the theoretical density and consequently the molecular 
weijght would be half the expected vame, Bineau found the vapour density 12.9 
which giv 6 i a molecular weight of 25.8, about half the theoretical value. Peljal 
and Than confirmed the dissociation of NH 4 CI by separating NH 3 and HCl from 
the vapour by diffusidb by the following arrangement ; 

Some solid ammonium chloride is heated in a tube d (fig. 47) divided into two 
pa^ by a porous plug of compressed 
solid ammonium chloride. Ammonia, 
being much lighter than hydrogen chloride, 
diffuses more rapidly than the latter, 
and hence the gas in the part Ad contains 
an excess of NHa and that in the part Bd 
an excess of HCl. A slow stream of 
nitrogen is passed through the tube c on 
both sides of the plug, so that a red litmus 
paper held at a' becomes blue, and a 
blue litmus at b' turns red. Baker 
found that absolutely dry ammonium chloride does not dissociate. 

Degy«e of dissociatioii. — ^When a gas dissociates, more molecules are produced : 
PGIg % PCI* + Cl* and at constant temperature and pressure volume increases^ 
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since PV = nRT ; consequently the density or the weight per litre decreases. The 
degree of dissociation, i.e., the fraction of the total number of molecules dissociated^ is 
calculated as follows : Let us consider 1 mole of a gas and let a be the fraction 
dissociated, then (1 — a) mole remain undissociated. If 1 mole of a gas gives x moles 
of gaseous products on dissociation, a moles of the gas would give x a moles ; therefore, 
the total number of moles present at any time will be : 

(1— a) + X o or 1 + (x— l)o. 

Since the density of a given weight of gas at constant pressure is inversely 
proportional to number of moles, the ratio of density di, of undissociated ga^ to density 
d2, of dissociated gas is : 

di _ 1 + (x-l)a • di~da 

d,- ' ■ 1 d2(x-i) 

When there is no dissociation, a = 0 and d| = d2 ; when dissociation is complete, 
a = 1 and dj — xd2 ; x is 2 for the following cases of dissociation ; 

NH4CI NH, + HCl ; PCI5 ^ PCI, + Cl,. 


Substituting molecular weights for densities, a 


mi— m, 
ma(x-l) • 


where mi = mol. wt. of undissociated gas, and m, = average mol. wt. of gases after 
dissociation. 


Ezetcise. — (1) At 26‘’G vapour density of nitrogen per<»cide is 38. Calculate 
the proportion of N2O4 molecules to NO, molecules in the vapour at this temperature. 
Vapour density of undissociated NgO^ = 46. 

N2O4 2NO2 

1-a 2 a 


Degree of dissociation a = ~ ^ == 0.21 
d,(x— 1) 38 

N2O4/NO, = (l-a)/2a = (l-0.21)/2x0.21 - 1.88 

(2) 4.5 g. of PCI5 (mol. wt. 208.5] were completely vaporised at 250^C and the 
vapour occupied 1.7 litres at 1 atmosphere. Calculate degree of dissociation of 
PCI, at this temperature. Calcutta B.Sc» 


PV = ^ RT, 
m 


where P = 1 atmosphere, V = 1.7 litres. 
T = 273 + 250 = 523° abs : 
w = 4.5 gm. 

1x17= ^-5x0. 082x523. 

m' 


R = 0.082 litre>atmospherc 
m' = observed molecular weight. 

m' = 113.5 


PCI5 ^ PCI, + Cl, ; a = degree of dissociation, and x = 2* 


m— m' 


208.5-113.5 

113.5 


= 0.836 


Exercises 

1. State (a) Lc Chatclicr’s principle, (b) Law of mass action and give one 
illustration for each, either in the labwatory or in industry. 

2. What is meant by thermal dissociation ? How is it distinguished from 
electrolytic dissociation ? Give examples. Describe an experiment illustrating 
thermal dissociation. 

3. Explain 'dissociation is a reversible reaction*. What is the effect of 
(a) temperature, (b) pressure, on the dissociation of (i) PCI, and (ii) HI ? 

Ajmer Inter. ^ 1932 
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4. By an experiment the vapour density of ammonium chloride i s found t o 
be 13.37. How would you explain the difference between observed and calculated 
value ? Give experimental evidence in support of your explanation. 

Punjab^ *2 8 

5. What is meant by a reversible reaction ? Illustrate your answer with 

reference to interaction between steam and iron. Allahabad^ *13 

6. Explain the difference between dissociation and decomposition. Illustrate 
your answer by reference to ammonium nitrate, ammonium chloride, calcium 
carbonate ^nd potassium chlorate. 

7. At 90®G vapour density of nitrogen peroxide Na04 is 24,8 (H == 1). Calculate 
the degree of dissociation into JNOg molecules at this temperature. Ans, 0.8547 

8. When phosphorus pentachloridc was vaporised at 20®C, its vapour density 
was found to be 70.0. Find the degree of dissociation of PGI5 at this temperature. 

Ans. 0.4893 

9. When 2 gm. of PCI5 was vaporised in a vessel of 250 c.c. capacity at 250°C, 

the pressure developed was 3 atmospheres. What is the degree ot dissociation of 
PCI5 under these conditions ? Am. 82.2 per cent 

10. Explain what you understand by reversible reaction. Discuss the effect 
of temperature and pressure on : 

(a) 2SO, + Oj 2SOa (b) 30*^=5 203 

(c) N* + 3H, ^=5 2NHs (d) 2N03^2N0 + 0, 

Bombay Inter. ^ 1953 


¥ 

ELECTROLYTES AND THE IONIC THEORY 

Substances arc; grouped as conductor and non-conductor according 
as they conduct electric curreKt or not. There arc, again, two types 
of conductors : 

(i) Metallic* condut^ors. — Substances which conduct current 
without undergoing any permanent change are called metallic conductors. 
Elect ricity is carri ed^ bv ^lect^oijis^in n^ct^alli^ conductors . All metals 
anJ^a few substance which arc not definitely mctaTlic such as gas 
carboiL and sel e n iu m, belong to this class. 

(ii) Electrolytes* — Compounds which in solution or in the fused 
state conduct electric current and undergo simultaneou^^^composition 
are called electrolytes ; electrolytes may be acids, bases ItiM salts. Salts 
and alkalis which are bad conductors when solid, are excellent 
electrolytes when fused. Aqueous solutions of acids, bases and salts 
arc also good electrolytes. Electricity is carried by ions in electrolytes. 

Pure water is such a feeble electrolyte that it is often classed as a non-0(H3|ductor. 
Mercury is a good conductor but not an dectrolyte. Anhydrous hydrofluode acid, 
alcohol^ sugar somtion, etc., are ^mples of a non-conductor. 
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Electrolysis. — ^Wlien an electric current is passed into an aqueous 
solution of zinc chloride by dipping two platinum plates — one 
connected with the positive and the other to the negative pole of a 
battery — into the solution, decomposition occurs with the liberation 
of zinc and chlorine. The platinum plates leading the current in and 
out ot^ tlie solution are called electrodes — tlie electrode connected to 
the positive pole of the battery is charged with positive electricity and 
is called the anode ^ and that connected with the negative pole of the 
battery is charged with negative electricity and is called the cathode. 

The solution of the electrolyte zinc chloride undergoes reversible 
dissociation, yielding ions (electrically charged atoms or radicals) of 
opposite charges : ' 

ZnCla Zn++ + 201" 

The positively charged ions arc caUed cations whib the negatively 
charged ions arc called anions. The cation, viz., the Zn++ ion, 
migrates to the cathode and gets discharged on its surface and becomes^ 
' coji verted to a zinc atom. The anion, viz.,^Cl' ion moves to the 
anode and is discharged on its surface as an atom of chlorine — the 
atoms combine to form a molecule which is liberted as gas. 

At cathode Zn+++2tf = Zn ; 

At anode Cl- = Cl ; Cl + Cl = Cl^. • 
where e represents a unit of negative charge called electron. 

The electricity is, therefore, carried across from one electrode to 
the other by the ions, and hence the moving ions constitute the current 
in the electrolyte. Fused zinc chloride behaves similarly. SiLch a 
process of conduction of an electric ewrrmt by an electrolyte either fused or in 
solution^ and the accompanying chemiced decomposition arc called electrolysis. 

Ions. — Ions are electrically charged atoms or radicals, (i.e., atoms 
or group of atoms which have gained or lost dectrons, thus acquiring 
negative or positive charges, respectively) usually produced during.^ 
the reversible dissociation of an elcq|trolyte in its* aqueous solution or 
in the fused state. , 

The electrolyte resolves into ions of opposite charges — the metals 
and liydrogcn produce Cjations and the non-melais and acid radicals 
anions. The ions are the carriers of electric current in electrolysis. 
Wh^n an electric current is passed through an electrolyte the cations 
deposit at the cathode and are called electro-positive groups while the 
non-metals and acid radicals appear at tlie anode and are called 
electro-negativo groups. Hence, metals are electro-positive and non-metals 
electro-negat^;. ^ 

H 2 SO 4 2H+ (elation) + S 04 ‘^ - (anion) 

NaCl Na+ (cation) + C*- (anion). 

Ca(N 03)2 ^ Ca++ (cation) 2 NO 3 - (anion). 

The hydroxyl ion OH", is an anion, and is discharged at the 
anode during electrolysis. NaOH ^ Na+ OH* 
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leory of e le ctrolytic (^ssoci ation> — ^To explain the pheno- 
menon oi Sestiol^is ffie awe 3 ISi cTiemist"^ ( 1887 ) put forward 
the theory of electrolytic dissociation which states : 

(i) The molecules of an electrolyte such as an acid, base or salt 
when dissolved in water, mostly split up or dissociate spontaneously* 
into positively and negatively charged ions — the ions produced 
remaining ii^ equilibrium with the undissociated molecules. This 
phenomenon is called electrolytic dissociatioiiy and is reversible in 
character. Molecules of sodium chloride, sulphuric acid, copper 
sulphate, caustic soda, for example, dissociate in their aqueous solutions 
in tnc following way : 

NaCl Na+ + Cb ; NaOH ^ Na+ + OH" 

CUSO4 ^ Cu++ + SO*'4 ; H2SO4 ^ 2 H+ + SO4- 

Since the solution as a whole is uncharged, th^ sum of the charges 
on the cations must be equal to the sum of the charges on the anions^ 

V(fi) The degree of ionisation, i.e., the extent to which an electrolyte 
dissociates into ions, largely depends on such factors as dilution, 
temperature, presence of other ions ir solution, and above all, on the 
nature of the electrolyte and the ionising medium. Many acids, bases 
and salts such as* hydrochloric acid, caustic soda and common salt^ 
show a very high degree of ionisation even at ordinary dilution, and 
are called strong electrolytes, whereas substances like acetic acid 
and carbonic acid ionise to a very small extent only and are known 
as weak electrolytes. The electrolytic dissociation, also caiied 
ionisation, steadily increases with dilution up to an ^infinite dilution\ 
i.c., up to a very great dilution^ when the electrolyte completely splits 
into ions. lorisation is practically complete in a very dilute solution. 
Ionisation is helped by rise of temperature. 

is the ions which conduct cuirent during electrolysis — the 
tindissociated moleculps taking no part in the conduction. In genn*al 
the greater the dilution or higher^the temperature, the gteater is the 
degree of ionisation and hence also the higher is the conductivity of 
the solution. The cations and the anions migrate to the cathode and 
the anode respectively ; and are discharged there. 

It is useful to remetpber that hydrogen and the metals are deposited 
at the cathode^ and the acid radicals are liberated at the anode. 

According to Arrhenius’s theory any reaction between electrolytes in solution 
is a reaction between ions — ^it is really the ions that interact. When silver nitrate is 
l^ed to sodium chloride solution, a white precipitate of silver chloride is formed,, 
since the silver ion reacts with ti{i|e chloride ion forming insoluble silver chloride : 

AgNO, + NO,' NaCI + O" 

Ag+ + CI-%Aga; HCI^,H+ + C1- 

A|^0,^ recent for chloride ioA, Cf and precipitates it as silver chloride from 
an s^#lis|^utioti of a chloride, vndepmdent of its cation ; thus solutions of HCl, KCl, 
CaCiftr' all give a precipitate with diver nitrate. Potassium chlorate, KClOf, 
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on the other hand, though it contains chlorine, gives no precipitate with silver nitrate,, 
since on ionisation it yields chlorate ion, CIO,' and no chloride ion. 

KCIO, % K+ + CIO,- 

Silver nitrate is a reagent for chloride ion and not for chlorine merely. Similarly,, 
barium chloride is the reagent for sulphate ion and gives a precipitate of barium 
sulphate with sulphuric acid or its saft in solution. 

HaSd 4 ^ 2H+ + SO/ ; BaCl, Ba++ + 2G1- 
Ba++ + SO/ % BaSO, 

t 

Illustrations of electrolysis* — (i) Electrolysis of water*. 

Water is a feeble electrolyte, and only slightly dissociate into H+ and. 
OH" ions : H2O H+ + OH^ Its conductivity is increased by 
adding dilute sulphuric acid which dissociates greatly yielding H+ 
and SO4'" ions : 

H2SO4 ^ 2 H+ + SO4". 

During electrolysis using platinum electrodes the hydrion, 
is dischaiged at the cathode as an atom of hydrogen — the atoms form 
molecules which are evolved as gas : of the hydroxyl, OH', and the 
sulplvite, 804", ions, the hydroxyl ions, OH"j are preferentially 
discharged at the anode — the OH ladicals then react with one another 
forming water and evowing oxygen. 

At cathode .H+ + e = H ; H + H = H^ 

At anode OH" - e = OH ; 40 H =*= 2H2O + 

^me consideration applies to t he ele ctrolysis of dilute sulphuric acid 

(ii) Electrolysis of sodium chloride* — ^The aqueous solution of* 
sodium chloride dissociates, yielding Na+ and Cl' ions, and water 
furnishes H+ and OH" ions : 

NaCl ^ Na+ + Cl' ; HgO ^ H+ + OH" 

During electrolysis with graphite electrodes H+ ions and not the Na+ 
ions are preferentially discharged at the cathode, and the hydrogen 
is liberated as a gas. The chloride ions are discharged at the anode — ^ 
the chlorine evolves as a gas at the anode. • 

At cathode H+ + e = H;H+H=H2 ^ ' 

At anode Cr-e = Ci ; Cl+Cl = Cl, ^ 

The solution after electrolysis, therefore, contains Wa+ and OH'^ 
ions, i.e., caustic soda, NaOH ^ Na^+OH” ^ 

During electrolysis with meratry cathode, as in Castner-Kellner cell, the Na*** ions, 
and not the //*** ions, are preferentially discharged at the cathode — the liberated sodium, 
dissolves in the mercury and forms an amalgam. The amalgam is then decomposed, 
by water, giving caustic soda and hydrogen. 

The chloride ions Cl" are discharged, as usual, at the graphite anode, ^ and the* 
chlorine is liberated as a gas. 

(iii) ^£lectroly8i8 of copper sulpliiBite* — Copper sulphate yields^ 
on ionisation, Cu++ and SO4'' ions ; watsr yields H+ and OH" ions. 

Hence the solution contains Ifiese four ihm. 

CUSO4 ^ Cu++ + SO/ ; HP ^ H+ + OH'* 
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During electtDlysis at copper electrodes coppsr ions are discharged .. 
at the cathode ’and hberated as a deposit of metallic copp^il, while 
at the anode copper atoms pass into solation as cupric ions Gu++, 

sulphate ions are not discharged since the negative charges are 
r^oved more easily from a copper atom than from a sulphates ion 

At cathode . Cu++ 4* 2^ = Cu ; At anode Cu— 2^ = Cu+'^ * 

Hence, during electrolysis of copper sulphate, copper dissolves at the 
anode and deposits at the cathode. 

During electrolysis at platinum anodes, cupric ions are discharged as usual at the 
cathode, while OH~ ions, anid not the SO^ torn, are prefercnlially discharged at the 
anodes — the OH groups then react to form water and oxygen which evolves as a gas. 

During electrolysis the Cu++ ions and the OH*" ions are discharged, and 
consequently the solution contains the H+ and SO4'' ions, i.c., sulphuric acid after 
electrolysis. 

(iy) Electrolysis of caustic soda. — The aqueous solution of 
caustic soda contaius, H+, OH“ and Na+ ions ; 

HgO ^ H+ + OH' ; NaOH ^ Na+ + OH'. 

On electrolysis OH' ions arc discharged at the anode — OH radicals 
react evolving* oxygen, while the H+ ions (and not ions) are 
preferentially discharged at the cathode. Hence tlie clcctroiysis of 
caustic soda somtion evolves hydrogen ard oxygen only. 

Amp€r« and Goolomb. — ^'fhe practical unit of current, called the ampere, 
defined as current which, flowing uniformly for 1 second, deposits 0.001 118 gram 
of silver from a solution of silver nitrate. The unit quantity of electricity, called 
the coulomb, is the quantity of electricity passing when 1 ampere flows for 1 second. 
Tf q coulombs of electricity pass when c amjxrres flow for t seconds, then 

q « c X t 

Coulomb = ampere X second 

Faraday’s laws of electrolysis. — As a result of his investigations 
on electrolysis Michael Faraday in the year 1832 enunciated two laws 
indicating the relation between tlie quantity of electricity passing 
through an electrolyte and tlic amount of any substauc • liberated at 

the electrode. * 

• 

First law. — The weight of an ion deposited or formed at an '^electrode 
is directly proportional to the quantity of electricity passing through an electrolytCy 
i.«., w cc q, 

where w = weight in gram of tlie ion liljcratcd oy q coulombs 
of electricity when a uniform current of c amperes flow for t seconds. 

q =i c X t ; but w oc q ; W oc c X t ; or w <s= z X c x t, 

when z is a constant and is called the electfochmical equivi^nU 

^ For. the passage of same quantity of'^ectricity the wek^ts (wi and w») of 
2 deposited are .proportional, to their electro-che^od^ equivalents (Z| ana z,)* 

Wi «ap» Ziq and w« » z^q ; ,% sm l 
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Eleoivochemical equivalent. — ^When c = 1 ampere and t » 1 
second, z becomes equal taw gms. Hence, tfu eUctro-chemical equivalent 
{E. C. £•) of an element is its weight in grams which is liberated by the passage 
of one coulomb of electricity throng^ the electrolyte ^ ue., by a uniform current 
strcngtli of one ampere flowing for one second. Thus 1 coulomb of 
electricity deposits Trom a solution of silver nitrate 0.001118 gram of 
silver, wlxich is, therefore, the ELC.E., of silver. 

The E. G. E. of hydrogen = 0.0000104. 


The E. C. E. of silver 0.0011 18 gm. 

Second law .— weights of different ions deposited or formed at 
the electrodes^ when i|||| same quantity of electrici^ passes through different 
electrolytes are propomonal to their chemical equivalents. 


Sn Clf 


Three electrolytic — the first one containing acidulated water, the second 

a solution of copper sulphate, the third fused stannous chlorid(^are connected in 
series so that same current passes through 
all of them. After electrolysis for some 
time, the volumes pf hydrogen and oxygen 
liberated from the acidulated water, and 
the weights of copper and tin deposited from 
the copper sulphate solution and the fused 
stannous chloride respectively, are determined 
(fig. 48). 

It is found that when 1.0^8 gm. of 
hydrogen is evolved, the weights of oxygen, 
copper and tin liberated arc 8,31.78 and 
59.3 gms, respectively — 8,31,78 and 59.3 
being the chemical equivalents of oxygen, 
copper and tin espectivcly. Hence the 

verification of the second law. Fig. 48 
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Let Wj and W 2 be the weights of two elements (of equivalent weights 
El and E 2 respectively) deposited by the sams quantity (q coulombs) 
of electricity. Then 

wjw, = El/E, 

But according to die first law (w = zq), for the passi^ of the same 
(q coulombs) quantity of eiectricity tMb weights of ions liberated arc 
proportional to their electrochemical equivalents, i.e., * 

Wi/w, =Zi/z, ; Zi/z, =E,/E,. . 

When one of the substances liberated is hydrogen' for which 
E = 1.008, and z = 0.0000104, the relation becomes : 

z/0.0000104 = E/1.008 

z =Ex0.0000104/1.008 

or electrochemical equivalent = chemical equivalent x 0.0000104 
nearly. 

Gombiiuitlott of Faraday’s laws.-!^ince w oc ct {first law) and 
also w ^ E ^second law), the combination of the two laws of electro* 
lysis leads to the relation : * , ' 

w ec ct E. or w = ct EjTFi 

whttc 1/F i| the projpor^bhaiity constant. 
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Taking the quantity of electricity ct equal to F, w becomes equal to 
E, i.e., the weight of a substance deposited or dissolved is equal to 
the equivalent weight. Therefore, F, called the faraday, is the quantity 
of electricity requited to deposit or dissolve ^1 gram equivalent of a substance 
in electrolysis. 

1 coulomb of electricity deposits 1 electro-chemical equivalent, 
i.e., 0.001118 gram, of silver in electrolysis. Therefore, the quantity 
of electricity required to deposit 1 gram equivalent, i.e., 107.88 grams, 
of silver, and hence 1 gram equivalent of any substance, is : 

107.88 -r 0.001 118 = 96494 coulombs, which is usually rounded off 
to 96500, i.e., F = 96500 coulombs 

'96500 coulombs^ i.e., 1 faraday of electricity, theiefore, deposits or forms 
1 gram equivalent of an ion in electrolysis. 

* * ~ 96500 

Significance of Faraday*s laws* — 1 gram equivalent of an ion carries 1 faraday 
of electricity. ^ 

the quantity of electricity carried by 1 grhm ion of valency n is nF coulomb, 
since I gram ion is numerically equal to 1 gram atom which is equal to gram 
equivalent X valency. 

The number of individual ions in 1 gram ion is equal to the Avogadro number 
N which is 6.023 X 10**, and the electric charge carri^ by a single ion is equal to 
nF/N. Since n is an integer, 1 for a univalent ion, 2 for a bivalent ion, and so on, 
the charge of electricity carried by a single ion is a multiple of the fundamental unit 
■charge F/N. In other words, eUctricity, like matter, is atomic in nature. The unit of 
•electric charge F/N has been identified with the charge of an electron, the unit negative 
charge. 

When an atom loses one electron it forms a univalent cation which carries unit 
positive charge, e.^., Na+, for which n is 1. The unit positive charge is equal but 
opposite to the umi negative charge, i.e., the electronic charge. A bivalent cation 
carries 2 unit positive charges and results from the loss of 2 electrons, c.g., Ca++, 
for which n is 2. SiiAilarly, an aton^ which has gained an electron forms a univalent 
anion which carries unit negative charge, e.g., Cl' ; a bivalent anion such as sulphate 
ion carrfbs 2 unit negative charges, and so on. In general, the electric charge carried 
by an ion is the same for all ions of the same valency and is proportional to the valency. Therefore, 
the charge carried by an ion of valency n is d: nc, where e is the unit charge, and 
the charge on a ^am ion is Nne, where N is the Avogadro number, and the charge 
on one gram equivalent is Ne. Hence F = Ne. 

Determinatioii of equivalent weight.— The equivalent weights 
of elements may b -2 determined clcctro-chemically in two ways from 
the relations : 

(i) z = E X 0.0000104/1.008 ; i^ii) w^/wg == Ei/Eg. 

(i) (a) The equivalent we^^Iit of copper. — ^The equivalent 
wei^t of copper may be determined by fining its electro-chemical 
equivalent m the following way. ‘ ; 

^The two copper electrodes of a copper voltameter which: is a glass 
are connected to the two termmals of a battery through an 



127 


ELECTROLYSIS AND THE IONIC THEORY 

adjustable resistance and ammeter — the voltameter contains a solution 
of copper sulphate which has been acidified with a little sulphuric 
acid. The cathode which is a pure copper plate, is carefully cleaned, 
dried and weighed before the experiment, and then placed into the 
copper sulphate solution. A definite amount of current which is 
read from the ammeter, is sent through the copper sulphate solution 
for a given period of time. 

After electrolysis, the cathode with a depoist of coppfer on it, is 
taken out, washed with distilled water, dried and weighed again — the 
difference in weight gives the weight of copper deposited. Suppose : 

the copper deposited ... . . . w grams, 

the current passed ... ... c amperes, 

the time ... ... t seconds. 

w = zet or z = w/ct ; where z = electro chemical equivalent 
of copper. 

Knowing z of Cu from z = w/ct, the E of Cu is determined from 
the j-clation : z of Cu = E of Cu x 0.0000104/1.008. 

(b) Electrochemical equivalent of silver. — ^Thc electrochemical equivalent 
■of silver is determined by passing electric current through a 30 p.c. solution of silver 
nitrate contained in a carefully weighed clean platinum crucible {silver cmdomela) 
which forms the cathode. The anode is a rod of pure silver dipp^ into the solution 
in the crucible — a small glass cup is suspended under the anode to retain detached 
.silver pieces. The crucible and the silver rod are connected to the terminak of a 
battery through a variable resistance and an ammeter. Current (c amperes) is 
passed for a given time (t seconds) when silver deposits on the platinum crucible. 
After electrol^is, the deposit is washed with water and alcohol, and the crucible is 
■dried in an air-oven and weighed — let the weight of deposited silver be w grains. 

From w = zet, z = w/ct. 

Found z = 0.001 1 18 gm. of silver. 

This determination leads to the definition of ampere, the practical unit of current. 

(ii), Two electrolytic cells, one containing copper sulphate solution 
and the other silver nitrate solution, are conmeted in series through 
an adjustable resistance and an ammeter. Thci same amount of 
electricity is sent through the two cells^for a given time. The weights 
of copper and silver deposited on the respective cathodes ar? determined 
after electrolysis. Then by the second law of clccprolysis. 

weight of Cu d eposited __ c hemical equivalent of Cu 
weight of Ag deposited ~~ chemical equivalent of Ag 

Taking the chemical equivalent of silver to be 107.88, that of 
copper may be found out. 

Dissociatioii. — There are many substances the molecules of 
which split up on heating into simpler molecules or atoms which, 
however, recombine on cooling — ^the phenomenon is called dissociation^ 
or what is called thermal dissociation. The process of dissociation is 
reversibU in character — the products of dissociation remain in 
equilibrium with the undissociated molecujes.' 

Thus when ammonium chloride is heated, a fraction of its 
molecules dissociates into ammonia and hydrochloric acid whidi 
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remaiiv in equilibrium with the undissociated molecules of the 
ammonium chloride. NH^Cl NH8 + HCl. 

Calcium carbonate dissociates on heating into calcium oxide and. 
carbon dioxide ; phosphorus pentacnloride dissociates by heat into 
phosphorus trichioridc and chlorine. 

PCI5 ^ PCI3 + Gla CaCOjj ^ CaO + COg 

Iodine clissociates into atoms of iodine on heating : I2 ^ I+I« 

The thermal dissociation differs from ionisation in the following, 
respects : 

(i) Products of thermal dissociation are aeutraji atoms or 
molecules, while those of ionisation are electrically charged 
atoms or radicals, called ions. 

(ii) Products of thermal dissociation are separable by physical 

means, such as solution, diffusion, etc., tlius, the 
products of 4ksociation of ammonium chloride, ammonia 
and hydrochloric acid may be separated, partially thoiigh, 
by the process of diffusion, while die products of 
Ipnisation cannot be separated by suen physical 
^processes because of the existence of strong electrostatic 
attraction between the oppos*itely charged ions. 

(iii) Thermal dissociation requires no medium, while in lonisaton 

the electrolyte is disrolved in an ionising solvent or is 
fused. 

Both the processes are, however, reversible in character. 

Decomposition. — ^The process ordinarily signifies the breaking 
up of a substance by heat into simpler substances which do not 
recombine on cooling and hence the process is irreversible. 

Thus, ammonium nitrate decomposes by heat irreversibly into 
water and nitrous oxide ; potassium chlorate breaks up on heating 
into potassium chl&ride and oxygen. 

NH4NOa = NaO + 2HaO ; 2KCIO3 = 2KC1 + SO^. 

Tecbnical AppUrations of Electricity.— Application of electricity in industries 
has virtually reviyutionised production, but for it calcium carbide would have 
remained a laboratopr curiosity, and aluminium a rare metal. Elcctro-chcmica! 
industries may be dividcdjnto several classy : (i) fused electrolyte group which involve 

eUetrometallurgy of sodium, pota^ium, calcium, magnesium, aluminium, etc., which 
are ail obtained on a commercial scale by the electrolysis of fused compounds. 

(ii) those of an electrolytic nature, further subdivided into group involving : 
(aj) elictffhfefinmg — electrolytic copper, silver and nickel are examples. Copper 
wul serve as an example. Anode is impure copper and pure copper is the cathode, 
while the electrolyte is a solution of copper sulphate in dilute stdphuric acid ; on 
electrolysis copper dissolves off the anode and is deposited on the cathode ; 
(b) (dicirp-separation — ^production of alkali and chlorine by the electrolysis of brine, 
md the preparation of hydrogen and oxygen of voy high purity the dectrolysis 
of alkahned water are the exan^les ; (c) electrowinning — copper is obtained ^ the 
l(;a<^ngofthe oxidised ore, broch*^titc, followed by electrolysis ; pure zinc is proauced 
by the electrolytic method ; (d) electro^osition, represented by eUetto^ 
f0mf0pid ^dectrotyping mainly. 
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El€ctraty|i l ng«— Books are piwted from electrotype. A wax impression is 
first made of ordinary types, and is then covered with graphite powder to render 
the surface electrically conducting. This surface is copper plated by making it 
the cathode in an electrolytic cell where the anode is pure copper and the electrolyte 
copper sulphate solution. When a thick plate has been form^, it is detached from 
wax by mdting off the latter. Printing is then done from the copper plate. Before 
used in printing, however, the plate is strengthened by backing with type metal. 
Similar process is employed for the reproduction of fine woodworks. Electro-blocks 
of diagrams, for example, are made from engraved wooden blocks. 

• 

Electroplating. — ^In electroplating a thin but a coherent film of a metal is 
deposited upon an article of another metal, which is made the cathode, by the 
electrolysis of a suitable salt solution. Usually articles of iron or brass are plated 
with nickel, copper, chromium, gold, etc., to prevent their corrosion and sometimes 
to add to their commercial value. Electroplating is done either foi; protection against 
corrosion or decoration alone or sometimes for both. Prior to plating, the articles are 
first treated with caustic soda solution to remove the greasy matter from the surface, 
and then with dilute hydrochloric or sulphuric acid to remove the oxide films. They 
are then washed and polished. The electrolytic bath consists of a solution of the 
salt of the plating metal — the cathode is the article to be plated and the anode the 
plating metal. In nickel plating nickel sulphate solution containing some boric 
acid is electrolysed between nickel-anode and the article to be plated as the cathode* 
In silver plating a solution of potassium argenUu^anide is electrolysed, the anode being 
a plate of pure silver. * 

The electrolytic bath is prepared by adding excess of potassium cyanide to silver 
nitrate solution. 

AgNO, -f 2KCN = K[Ag(GN)g] + KNO, 

K[Ag(CN) J % K+ + [Ag(CN) J- ; [Ag(CN) J' % A^+ 2CN- 

The anion, Ag(GN)s“ is only slightly dipK>ciated — the silver ions are deposited on 
the cathode (articles to be plated) as a thin' uniform film of metal instead of a coarse 
spongy deposit of silver when silver nitrate is used alone. The cyanide ions, 
discharged on the silver anode, form silver cyanide which dissolves in excess of potassium 
cyanide forming potassium argentocyanide. 

AgCN -f KGN = K[Ag(GN) J 

The electroplating bath in gold plating consists of a solution of potassium 
aurocyanide : 

K[Au(GN), K+ -f [Au(GN),]- ; [Au(GN)J' % Au+ + 2GN- 

As in silver plating, in gold plating as well gold dissolves from the anode and 
is deposited on the cathode. Table wares and jewellery are plated with gold or silver. 
Silver mirrors are plated with platinum to protect against tarnishing by atmospheric 
hydrogen sulphide. Iron is plated with zinc to guard against corrosion. Many 
metal fittings are plated with chromium or cadmium to preserve their polish. 

(iii) Electrolytic oxidation and reduction, — Many important chemicals such as 
potassium permanganate, potassium persulphate, hydrogen peroxide, potassium 
chlorate, potassium percholrate and hydroxylamine, are obtained by this method* 

(iv) Group involving conversion of chemical to electrical energy^ as represented by 
secondary cells, e.g., lead accumulator. 

(v) Electrothermal groups examples of which are white phosphorus, calcium carbide, 
graphite, synthetic abrasives like carborandum and alundum. 

(vi) Electric furnace products^ such as the ferroalloys, ferrochrome and ferro* 
manganese, and the special steels like stainless steel, high speed tool steel, etc. 

Applications in electrolytic industries apart, electrolysis offers excdlent analytical ^ 
methods for : 

(i) electrolytic estimation <f metals^ e.g., copper, nfckel, etc., 

(it) electroanafysis ; for every metal there is a certain definite voltage at wfaidbi 
it is depoaited at the cathode. Hence it is possible to effect a separatkm of differenl. 

9 
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laetals by depcmting them, only one at a time, at the cathode, by proper adjustment 
of volta^ during the electrolysis of a solution of their salts in a mixture. Silver, 
for example, is deposit^ at lower voltage than cadmium, hence it is possible to 
separate silver from a mixture of the nitrates of silver and cadmium the decomposition 
potentials of the s^ts being AgNOa = 0.70 volt, and Cd(NOa)t ==* 1.98 volts — ^when 
the applied potential is kept at a little less than 1 volt silver alone is deposited ; after 
the deposition of all the silver the current ceases. If the voltage is then raised to 


4 ibout 2 volts the cadmium is deposited. 

(iii) electrochemical equivalent and equivalents of metals. 

Electro Electro* 

. 'Electro-chemical Seriea. — It has been pointed positive negative 

out in connection with electrolysis that metals and elements elements 

kfdrogen are electrc-positivey i.c., they tend to lose Polatsium Fluorine 

n^ative electricity (electron) and fonn positive Sodium Oxygen 

ioios, while the non-metals are electro-negativcy i.e., Barium Chlorine 

they tend to gain negative electricity {electron). Strontium Bromine 

This tendency to lose or gain electrons is measured Calcium Iodine 

by the E.M.F. that develops when an element is Magnesium Sulphur 

dipped into a normal solution of its ion. By means Aluminium Phosphorus 

of such electro-chemical measurements elements Chromium Nitrogen 

i' have been arranged in an electro-chemical scries, in Manganese Boron 

which the metsds are arranged in descending order Z^nc Carbon 

of electro-positivenessy and t8e non-metals in descending Cadmium Silicon ^ 

ortUr of electro-negaliveness. Iron 

Cobalt 

The series which is an index of relative activities Nickel 
of the elements is \ useful guide to the study of tho Tin 


properties of elements, thus : Lead 

Hydrogen 

Antimony 

(f) Combination of metals with non-metals Bismuth 
and radicals. — A more electro-positive metal has Arsenic 
greater affinity for a particular non-metal or radical Copper 
than a less electro-positive of its salt ; c.g., iron Mercury 
displaces copper from a solution of copper sulphate ; Silver 
sodium displaces aluminium from aluminium Platinum 
chloride. Cold 

Fe -f- CuSO* = FeS 04 + Cu ; 3Na + Aid, == 3Nhd + A1 

Conversely, a more electro-negative non-metal will displace a less electro-negative 
non-metal from its combination with a metal e.g., chlorine displaces bromine from 
potassium bromide, while bromine displaces iodine from potassium iodide : 

. 2KBr + Cla = 2KC1 -f-V, ; 2KI -f Br, = 2KBr + I, 

(ii) Displacement of hydrogen from water and adds. — Metals above 
hydrogen (with the deception of lead), displace hydrogen from hydrochloric or dilute 
sulphuric acids ; a41 the metals above hydrogen except lead and tin react with water 
liberating hydrogen — the higher the metal in tlie series the more vigorous the 
reaction ; e.g., potassium and sodium react violently with cold water and dilute 
adds ; brium, strontium and calcium react with less vigour imder the same 
condition ; metals like magnesium and iron react with steam at high temperatures 
only). 

2Na + 2H,0 = 2NaOH + H, ; Mg -i- H,0 « MgO + Hj. 

Mg + 2Ha = MgCl, + H, ; Fe + H.SO* = FtfiO, + 


Metals below hydrogen do not displace this element directly from water or dtlu^ 
* 

\ wMh oxygen*— The stability of the metallic osddes increases 

increasing clectro-positiveness of the metals ; e.g., the oxid^ metals 

up to aluminium are too stable to be redum by earb^ ^magnestum 
' oxides of metals below aluminium are reduced eirboh .%rith 

ease nrith decreasing dectro-postttveness of the 
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of the oxides of mercury, silver and gold is so very low that they are decomposed 
by heat alone. 

Adds} bases and salts* — Certain properties of acids and bases 
have already been mentioned (p. 36). 

Acids arc generally soluble in water — the solution has a sour 
taste, turns blue litmus red, and conducts electric current, since it 
dissociates into ions, e.g,^ 

HCl ^ H+ + Cl- ; HaS04 ^ 2H+ + SO 4 " • 

Acids yield H+ ions (also called, protons) on ionisation in aqueous 
solution ; hence an acid may be defined as a hydrogen-containing compound 
which dissociates in aqueous solution with the formation of hydrogen ions as 
the only positive ion. An acidy therefore, may be defined as a proton donor. 

An alkali ionises in aqueous solution yielding the hydroxyl (OH') 
ions and no other negative ion, and conducts electnc current. 

NaOH Na+ + OH' ; Ca(OH )2 ^ Ca++ + 20H' 

A base mayy thereforCy be defined as a compound whichy when dissolved 
on water undergoes dissociation with the formation of hydroxyl ions OH“ 
as the only negative ion. 

Since the OH' ion of a base always reacts with H+ ion of an acid 
producing water, a base may be defined as a proton acceptor. ' 

• 

Strength of acids and bases. — An acid in solution owes its 
acidic properties to the hydrogc^n ion it yields. Therefore the amount 
of H+ ions formed by the ionisation (electrolytic dissociation) of an 
acid in aqueous solution may be taken as a measure of its strength — the 
greater the quantity of H+ ions in the solution the stronger the acid. 
Hence acids which are highly dissociated in solution yielding large 
amount of H+ ions ari termed strong ainds, while those which are 
but slightly dissociated are known as weak acids. The degree of 
dissociation is, therefore, a measure of the strength of an acid. The 
mineral acids HCl, HNO 3 and HaSO^ are strong acids, while the 
organic acids, oxalic acid and acetic acid are weak*acids. Carbonic 
acid is a weak acid ; hydrocynic acid, JHCN, is weaker still. 

The concentration of OH' ions in solution is a measure *of the 
strength of an alkali ; NaOH and KOH are strong alkalis since they 
arc largely ionised even in moderate dilution, while •NH 4 OH is a 
weak alkali. 

The rate of solution of metals with evolution of hydrogen very clearly illustrates 
the strengths of acids. The order of stren^hs of the following three acids is 
HC1> HjSOt > GH*COOH (acetic acid), as indicated by the volume of hvdrogen 
•evolved per minute from the dissolution of zinc in a definite volume, say, 100 c.c. 
of norm^^lutions of eadi of these acids. 

NeutraUsatioflu — ^When solutions of an acid and an alkali are 
mixed to|y;frerin equlvatont proportions the resulting solution has 
nudt^aoa alkabne character — ^this reaction is called neutralisation 
which invoiws the formation of salt and water by interaction betweth 
the add and the aUtaB : * 

lilaOH + Ha « NaCl + H,0 
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The acidic property of a solution is due to the presence of H'*' 
ions while the alkalinity is due to OH*" ions in a solution. Water is 
neutral since it contains H+ and OH^ ions in equal amounts : 

HaO ^ H+ + OH- 

When equivalent amounts of acids and alkalis aie mixed together 
in aqueous solution, the H+ ions of the acid react with the OH' ions 
of the alkali forming water — the process is called neutralisation and the 
solution is neutral, since it does neither contain H*** nor OH** ions in 
excess. Hence neutralisation is defined as a process which involves 
the formation of piactically undissociated molecules of water from H+ 
and OH* ions of equivalent amounts of acids and alkalis respectively. 

H+ + Cl* + Na+ + OH- ^ Na*»* + Cl* + 

U, H+ + OH' ^ HaO 

Basicity of acids and acidity of bases. — ^Basicity of an acid is 
its power of neutralising a base and is measured by the number of 
repUceable hydropen atoms in the molecule of an acid, i.e., by the 
number of hydrogen ions that one molecule of an acid can give to a hose ; 
c.g., sulphuric acid HaS04 is dibasic^ since it can yield two H+ ions in 
solution ; phosphoric acid H3PO4, is tribasic ; hydrochloric HCl 
and nitric acids HNOa are monobasic. Acids with one, two, and three 
replaceable hydrogen atoms aie knowif as monobasic (or monoproHc), 
dibasic (or diprotic), and tribasic (or triprotic) acids respectively. 

An acid is said to be polybasic ^also called polyprotk) when a 
molecule of it vields more than one H+ ion on ionisation ; a polybasic 
acid may ionise in stages : 

HaSOa ^ H+ + HSO4- HSO4' ^ H+ + SO4' 

Acidity of a base is its power of neutralising an acid and is 
measured by the number of replaceable hydrogen atoms of an acid with 
which a molecule of a base can react, i.e., by the number of hydrogen 
ions which one molecule of a base can accept from an acid. By this 
definition, caustic soda, NaOH, caustic potash, KOH and ammonia 
are diacidicy ferric hydroxide Fc(OH)3 triacidic. In the case of 
hydroxides the number of OH groups in a molecule represent its 
acidity. 

Salts. — A jsalt is a compound produced from an acid by the replacement 
of a part or whole of its replaceable hydrogen atoms by a metal or a basic radical, 
A salt, therefore, consists of a metallic (or basic radical) linked to a 
non-metallic (or an acidic) radical. In zinc sulphate, for example, 
Zn is the basic radical and SO4 the acidic radical ; in sodium nitrate 
Na is the basic radical and NO3 the acidic radical. Salts dissociate 
into ions in solution : 

ZnS04 Zn++ (basic radical) + SO4'' (acidic radical). 

NaNOj ^ Na+ (basic radical) + NOj' (acidic radical). 

; Type® of tsalts. — ^Thr^ types of salts are distinguished. — (i) Aeidt 
— Add salts are formed by the partial replacement of the 
hydrogen atoms of a polybasic add by a metal or 
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ammonium and as such they contain some replaceable hydrogen 
atoms : hence an acid salt has the properties of salts in addition to 
those of acids. They are also known as bisalts. Examples are : 
sodium bicarbonate, NaHCOa ; sodium bisulphate (sodium hydrogen 
sulphate), NaHSOa ; disodium hydrogen phosphate, NagHPOa. An 
acid salt is produced when a polybasic acid reacts with a quantity 
of a base insufficient to replace the whole of replaceable hydrogen 
atoms. 

NaOH + HaSOa = NaHSOa + HaO. • 

NaOH + HaCOs == NaHCOa + HaO. 

(ii) Normal Salts. — ^Normal salts are formed by the replacement 
of all the replaceable hydrogen atoms of an acid by a metal or 
ammonium. It thus contains neither the replaceable hydrogen 
atoms of an acid nor the oxygen or hydroxyl of a base. A normal salt 
is produced when equivalent amounts of acids and bases react : 

2 NaOH + H2SO4 = Na2S04 + 2H2O 
2Na0H+HaC03=Na2C0^+2H20 ; NaOH+HCl==NaCl + H^O 
, Na2S04, NagCOa, NaCl — all an‘ norimil salts. 

(iii) Basic salts. — Basic salts contain an excess of a base, i.e., 

oxygen or hydroxyl radical which may be replaced by acidic radicals 
forming normal salts. A ba^ic salt is produced when a polyacid base 
is only partially neutralised by an acid. • 

Pb(OH)2 + HCl = Pb(OH)Cl (basic lead chloride) + H^O. 

White lead, 2PbC03, Pb(OH)2 and bismuth oxychloride, BiOCl, 
are basic salts. They arc generally insoluble in water but dissolve 
in acids. 

Bismutlr oxychloride is produced as a white turbidity on diluting 
a solution of bismuth chloride with water — the turbidity, however, 
dissolves in the acid, BiClj + HgO BiOCl + 2 HC 1 . 

Double Salts. — double salt, such as potash alum, K2SO4, Al,(S04)s, 2411 , 0 , 
is formed by the c^tallisation of a solution containing the simple salts, potassium 
sulphate and aluminium sulphate, in molecular proportions. ^ A double salt exists 
only in the solid state, but in solution it breaks uj) into the constituent simple salts and 
behaves in every respect as a mixture of solution of these simple salts — ^a doubjp salt in 
solution, therefore, contains all the ions of the simple salts. 

A double salt conforms to the law of constant proportions. Examples of double 
salts are ferrous ammonium sulphate, (NH4)sS04, FeS04, GHgO, also called Mohr’s 
salt, and carnallite, KCl,MgCl2,6HaO. 

Ckunplex Salt. — A complex salt is a salt that contains one or more complex 
ions. A complex salt like potassium ferrocyanide, K4[Fe(CN)4], is formed by ad^ng 
excess of potassium cyanide to a solution of ferrous sulphate, until the precipitate 
of ferrous cyanide rcdissolves, 

FeSO* + 2 KGN = Fe(CN), + K.SO4 ; Fe(GN), + 4 KGN = K4[Fe(CN) J 
and may be regarded as a mixture of ferrous cyanide and potassium cyanide in the 
proportion of one to four. But its solution does not give the reactions either of 
ferrous salts or of cyanides ; new properties appear whicli may be regarded as due 
to the formation of the complex ferro-cyanide ion, Fe(GN)/'’, which does not break 
up in solution and has its distinctive reactions. 

K4[Fc(CN) j ^:r 4 K+ + [Fc(pi)J'" 

A complex salt, therefore, is a distinct substance not only in the solid state, but» 
unlike a double salt, retams distmetive character etm m sokdien. 
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The complex ion may, however, partly dissociate in solution 

K[Ag(CN) J ^ K+ + [Ag(GN),] ' ; [Ag(CN) J ' Ag+ + 2CN' 

A complex salt conforms to the law of constant proportions like a double salt. 

Hydrolysis of salts* — Tt might be expected that solutions of 
normal salts should be neutral in reaction, since they contain no 
replaceable hydrogen atoms nor any OH of a base. But this is true 
only in the case of salts of strong acids and strong hoses only ; such salts 
simply ionise in solution : 

WaCl Na+ + Cl- ; NaoS04 2Na+ + SO4" 

Salts of weak acids or weak bases or both are reversibly split up 
by water with the formation of free acid and free base : 

NaCN + HOH ^ NaOH + HCN 
FcCla + 3HOH ^ Fe(OH)3 + 3HC1 
and the process is called hydrolysis — the solution reacts acidic or 
alkaline according as the acid or base is relatively strong. Three cases 
of salt hydrolysis occur : 

(i) Salt of a weak acid and a strong base. — Salts of weak acids 
(oxalic, acetic, carbonic, hydrocyanic, etc.) and strong bases (NaOH 
and KOH, etc.) arc alkaline in reaction in their aqueous solution, since 
they are partially hydrolysed by water producing a strong base and 
a weak acid, e.g. 

NaCN + HOH ^ NaOH + HCN (weak acid) 

NagCOa + 2HOH ^ 2NaOH + H3CO3 (weak acid). 

Solutions of sodium cyanide, NaCN, and sodium carbonate, 
therefore, react alkaline to litmus. 

Owing to hydrolysis sodium carbonate behaves like a weak alkali in 
solution, 

(ii) Salt of a strong acid and a weak base. — Salts of strong 
acids (HCl, HNO3, H2SO4, etc.) and weak bases (metals like iron, 
aluminium, copper, etc., i.e., metals other than alkali metals, Na, K, 
etc. and the alkaline earth metals, Ba, Sr, Ca, etc., make weak bases) 
are all acidic in reaction in |licir solution, since they are partially 
split up by water producing a strong acid and a weak base, e.g., 

FcClg -h 3HOH ^ Fe(OH)3 (weak base) + 3HCI. 

CuSOi + 2 HOH ^ Cu(OH) 3 (weak base) H2SO4. 

Aqueous solutiops of ferric chloride and copper sulphate are> 
therefore, acidic to litmus. 

(iii) Salts of a weak acid and a weak base is split by water into 
acid and base which arc both w'eak — the solution may, therefore, be 
neutral when both are equally w^eak. Ammonium acetate solution is 
approximately neutral : 

CH3COONH4 + HOH ^ CHsCOOH + NH4OH 

Ammonium formate solution reacts slightly acid, since ammonium 
hydroxide is weaker than formic acid. 

HCOONH4 + HOH HGOOH + NH4OH. 
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Hydrolysis may be explained as due to (i) the withdrawal of hydrogen ions fronn 
water, H 2 O ^ + OH”, by the anion of weak acid with the formation of .a 

practically undissociated acid, living the hydroxide ions forming an alkaline 
reaction ; in the hydrolysis of sodium cyanide, NaCN, whi^ is completely ionised 
in solution. NaCN *5 Na+ + CN”, the cyanide ions CN” removes the hydrogen 
ions, H+, from water, forming HCN which is practically undissociated, and the Na“ 
ions combines with the OH” ions to form sodium hydroxide, which being a strong 
electrolyte, dissociates back into Na+ and OH” ions — the net result is the presence c» 
hydroxide ions in solution and hence the alkaline reaction. 

NaCN ^ Na+ + CN” 

HaO--^OH' 4. H+ . 

Jf 

NaOH (highly ionised) HCN (feebly ionised) 

or (ii) the withdrawal of hydroxide ion of water by the cation of weak base, leaving 
excess of hydrogen ions to give an acid solution ; in the hydrolysis of ferric chloride 
the ferric ion withdraws the OH” ions of water forming ferric hydroxide which is 
insoluble, and the chloride ions combine with the H+ ions of water to form HCl 
which ionises back into II*" and Cl' ions — Whence the solutions contains H+ ions and 
the solution reacts acid 

FeCla ^ Fc+++ + SCI” 

3HaO 30H- + 3H^* 

sT jr 

Fe(OH )3 (insoluble) 3HC1 (highly ionised) n 

Acid salts possess the properties of salts in •addition to those of 
acids but are not necessarily acidic in reaction. NaHS04, for example,, 
is acidic to litmus, since it ionises yielding H+ ions : 

NaHS04 ^ Na+ HSO4- ; HSO4- ^ SO4'' 

Sodium bicarbonate, though an acid salt, reacts feebly alkaline to 
litmus in solution, owing to hydrolysis : 

NaHCOa + HOH ^ H2CO3 + NaOH. 

Preparation of atnds. — The methods usually used include : 

(i) The action of water upon acidic oxides ; c.g. 

SO3 + H2O - H3SO4 ; P2O5 + 3H3O = 2H3PO4. 

(ii) The action of water upon non-metallic halides — ^halides of 
non-metals are usually hydrolysed by water ; CCl^ however^ stable 
towards water, 

PCI 3 + 3HOH = 3HC1 + H 3 PO 3 (phosphorous acid). 

SiCi4 + 4 HOH == 4 HC 1 + ft4Si04 (ortlio-silicic acid). 

(iii) 7 ’hc oxidation of non-metals. — Hot and concentrated nitric 
acid oxidises the non-metals carbon, sulphur, plfosphorus, etc., to 
carbonic, sulphuric and phosphoric acids respectively, e.g., 

C + 4HNO3 = COg + 4NO2 -f 2H2O 
S + 2HNO3 = H2S04 + 2NO 

4 P + IOHNO3 + HaO = 4H3PO4 + 5 NO -f 5 NOa 

(iv) Direct union of hydrogen with non-metals. — Hydrochloric 
acid is commercially obtained by this method. Ha + Clg = 2 HC 1 . 

(v) The action of an acid upon a salt. — stronger acid displaces 
a weaker acid from its salt ; e.g., 

CaCOa + 2 HC 1 = CaCla HaO + COa 
FeS -1- HaS04 = FCSO4 + 
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A less volatile acid, even if weaker, may displace a stronger but 
more volatile acid, e.g., 

NaCl+HaS04 = NaHS04 + HCl, 
NaN0s+HaS04 = NaHS04+HN08. 

Sometimes the acids produced may separate as an insoluble 
precipitate ; e.g., NaaB407 (borax) +2HC1+5H80 == 2NaCl+4H8B08. 
Boric acid, HaBOg being insoluble, crystallises out. 

The acid produced may remain in solution, tlie salt of the reacting 
acid being thrown as a precipitate. The method is useful in preparing 
unstable acids : e.g., 

Ba(C103)a+HaS04 = BaS04 + 2HC103 (chloric acid). 
Preparation of salts. — ^The methods usually employed include — 

(i) The action of an acid upon a metal. — ^The method is often used 
for preparing chlorides, nitrates and sulphates : e.g., 

Fe +H2SO4 = FeS04 +H^ ; Sn +2HC1 == SnCla +Ha. 

(ii) The action of an acid upon a base. — Soluble salts may be 

conveniently prepared by this method. The method also includes the 
reaction between basic and acidic oxides. > 

AI2O8+3H2SO4 == Al2(S04)3+3H20 ; ZnO+2HCl = ZnCla+HjO 
2NH3+H2SO4 = (NH4)2S04. NaaO+SOa = Na2S04. 

(iii) The acyon of an acid upon a salt. — A stronger acid (HCl, 
HNOa, H2SO4, etc.) displaces a weak acid (H2CO3, HgS, etc.) from its 
salt — the salt of the stronger acid being produced ; e.g., 

CaC03+2HCl == CaCla+HaO+COa ; FCS+H2SO4 == FcS04+HaS. 

A less volatile acid, even if weaker, may displace a stronger but 
more volatile acid from its salt ; e.g., NaCl-l-H2S04 = NaHS04+HCl. 
HCl is stronger than 

An insoluble salt may also lie prepared by this method ; e.g., 

Pb(N03)2+2HCl = 2HN03+PbCl2 (insoluble). 
BaGl2+H2S04 = 2HCl+BaS04 (insoluble). 

(iv) Double decsomposition of two salts. — Two .salts in solution 
when nuxed together may pr&duce an insoluble salt by double 
decomposition ; e.g., 

AgNOg+NaCl = AgCl (insoluble) +NaN03. 
Pb(N0352+Na2S04 = PbS04 (insoluble) +2NaN08. 

(v) Direct union of the elements. — Many chlorides are prepared 
by passing chlorine over the heated metal ; e.g., 

2Fe+3Cl2 = 2FeCl3 ; Sn+2Cia = SnCl 4 

Many sulphides may also be prepared by this method ; e.g.. 

Mercuric sulphide, HgS, is prepared by simply grinding mercury 
and sulphur together ; Hg+S = HgS. 

(vi) Displacement of the basic radical.— A more electro-positive 
metal displaces the less electro-positive one from its salt ; e.g., 

Fe4'CuS04 = FeS04+Cu ;* Zn+2AgN03 = Zn(N03)3+2Ag. 
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(vii) Oxidation or reduction of a salt. — ^Barium sulphide is 
prepared by leducing barium sulphate with coke ; zinc sulphide 
gives zinc sulphate on roasting in air ; e.g.^ 

BaS04+4G = BaS+ 4 CO ; ZnS+ 20 a = ZnS04. 
Repression of ionisation by salt. — ^The ionisation of a weak 
acid or a base in solution is repressed by the addition of a salt having a 
•common ion. Consider the ionisation of ammonium hydroxide. 

NH4OH ^NH4++0H' 


K (the ionisation constant) 


[NH4+] [OH'] 

rNH 40 H] 


On adding NH4CI which ionises as NH4CI NH4+ + Cl', the 
concentration of NH4+ ion increase, and since K is constant, there 
must be an increase in the value of [NH4OH] and a decrease in the 
value of [OH'], i.e., some ammonium hydroxide formed, or in other 
words, the degree of dissociation of the ammonium hydroxide is 
reduced by the addition of ammonium chloride, with the consequent 
decrease in the concentration of OH“ ions. 


• Similarly, the extent of ionisation of acetic acid is decreased by 
adding sodium acetate ; 

CH3COOH ^ CH3C00'+H+ ; CHaCOONa ^ CH3COO'+Na+ 

The degree of ionisation off the weak acid or base is^ inversely propor- 
tional to the concentration of the added salt. 


Solubility product of an electrolyte. — ^The theory of electrolytic 
dissociation enables us to determine the conditions under which a 
substance either forms a precipitate or dissolves. Consider the 
equilibrium m a saturated solution of sparingly soluble silver chloride : 

AgCl (solid) ^ AgCI (dissolved) Ag++Cl~ 

Applying law of mass action, [Ag+] [Cl"] = K[AgCl] 

I'hc concentration of unionised solute in solution, [AgCl], is constant, 
since it is in equilibrium with solid silver chloride whose active mass 
IS constnat. /. [Ag'*] [Cl"] = S (a constant). , 

The constant S is called the solubility product for silver chloride. 
Hence, in a saturated solution of an electrolyte the product of 
concentration of the ions is constant. , 


Thi solubility product of an ehctrolyte is the maximum product of 
the concentrations of the ions in its saturated solution at a given temperature. 

Common ion effect. — Sodium chloride is precipitated when 
HGl gas is passed into its saturated solution. The product of 
concentrations of Na+ ions and Cl" ions in the saturated solution of 
NaCl is constant : 

[Na+] [Cl"] = solubility product, S. 

The concentration of Cl" ions is increased by passing HCl gas : 
HCl^H+4-Cl"; hence the concentration of Na+ ions must 
decrease to keep the solubility product,, S, constant. This occurs by 
the removal of some Na+ ions from solution as solid sodium chloride^ 
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i.e., som NaCl is predpitahd^ until the product of the concentrations, 
of ions reaches the solubility product. Hence the solubility of an: 
electrolyte is decrased by the presence of a common ion^ — but^ none the less, 
the solubility product remains constant. Silver chloride will, therefore, 
be less soluble in a solution containing silver nitrate or potassium 
chloride than in pure water. 

Applications of solubility product. — 

If, for a given electrolyte, the product of the concentration of ions in solution 
is made to exceed the solubility product, it is thrown out of solution as a precipitate ; 
if, on the other hand, the ionic product is made less than the solubility product, it 
passes into solution, that is, when : 

product of ions > solubility product, the substance precipitates ; 
product of ions< solubility product, the substance dissolves ; 
product of ions = solubility product, the solid substance remains in equilibrium- 
with its saturated solution. 

(i) Precipitation. — Consider the solubility product of the sulphides ; HgS, 
4x10“^ ; GuS, 8xl0-« ; GdS, 5xl0'*» ; ZnS, 1x10“*® ; MnS, 1.4xl0“« 

On passing hydrogen sulphide into a solution of salts of these metals, the metallic 
sulphide precipitates only when : 

[M..] [S"']>S, where S = solubility product 
* and M*' is the metal ion. Now, H 2 S is a weak acid, and its dissociation : 

H.jS % 2H* 4 - S^, is readily suppressed by hydrogen ions. 

When the solution is, therefore, acidified with dilute HCl (HCl % H‘ -f Cl'), 
the concentration of sulphide ions, [S^], is so much decreased that the solubility 
product of very insoluble, sulphides of group II metals, e.g., HgS, CuS, CdS, etc,, is only 
exceeded, and hcnc^ they arc precipitated, whilst FeS, ZnS, MnS, etc, remain in 
solution. 

The group III-A metals iron, aluminium and chromium arc separated from 
zinc, managanese and magnesium by controlling the dissociation of the weak bpe 
ammonium hydroxide : NH 4 OH ^ NH 4 + + OH*', by adding NH 4 CI which 
supplies the common ion, NH 4 +, by dissociation. 

Ammonium chloride markedly represses the dissociation of ammonium hydroxide, 
thereby greatly lowering the concentration of OH“ ions. Hence when ammonium- 
hydroxide is added to a solution of salts of these metals in presence of NH 4 GI, only 
hydroxides widi low solubility products, e.g., Fe(OH) 3 , Al(OH) 3 , and Cr(OH)a 
are precipitated. 

(ii) Solability of a precipitate. — Consider a solid in contact with its saturated 
solution : MN (solid) % MN (saturated solution) M+ + N' 

If either M*** or N" ions is removed, the equilibrium gets disturbed and more MN 
ionises and as a result ifie solution ceajgs to be saturated, and consequently more 
MN dissolves to restore the equilibrium. ^Therefore, any substance that removes M** 
or N** ions helps the solution of MN. 

Magnesium hydroxide which is but slightly soluble in water, readily dissolves 
in ammonium chlori((e solution. A suspension of magnesium hydroxide in solution^ 
forms a saturated solution for which the following conditions hold good. 

Mg(OH )2 (solid) MgfOH), (saturated solution) £9 Mg+'' + 20H' (i) 

[M^+] [OH']* = solubility product of Mg(OH)j ... ... (ii) 

On the addition of ammonium chloride (NH 4 CI ^ NH|+ + Cr) the concentration 
of OH' ions is reduced by combination with NH 4 + ions to form weakly ionised' 
ammonium hydroxide which evolves ammonia, 

NH 4 + + OH' % NH 4 OH NH, + H,0 ... ... (iii) 

and, the equilibrium (i) is thereby disturbed. In order to maintain the equilibrium^ 
by rotoring the OH' ions that are rmoved, more magnesium hydroxide goes into* 
solutiosi and the process continues until all the magnesium hydroxide is dissolved.. 
Owing tb the continuous removal of OH' ions the ionic product, [Mg++1 [OH']*,. 
iQ the solution becomes less than solubility product of magnesium hydroxide 
w^ch, diereibre, dissolves. 
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For similar reasons chalk dissolves in hydrochloric acid. 

Silv^ chloride which has very little solubility in water, readily dissolves in aqueous 
ammonia. A suspension of silver chloride in water forms a saturat^ solution in 
which ; 

AgGl (solid) ^ AgCl (saturated solution) ^ Ag+ 4- Cl' ... (i) 

and [Ag+] [Cr] solubility product of AgCI ... ... (ii) 

On adding ammonia, the silver ion concentration is greatly reduced due to the 
formation of complex cation, [Ag(NHa)a]^, 

Ag+ + 2NH, ^ [Ag(NH3)al (iii) 

and consequently, the ionic product, [Ag+] [Cl'], in the solutioif falls below the 
solubility product of AgGl and hence it dissolves. 

For similar reasons cupric hydroxide dissolves in ammonia — the cupric ions 
are removed due to the formation of the complex cation, [Gu(NH 3 ) 4 ]++ 

Cu(OH)a % Cu++ + 20H- ; Cu^+ 4- 4NH3 ^ [Cu(NH,) 4 ]++ 


Exercises 

y (1) The same amount of electricity which liberated 100 c.c. of oxygen collected 
mver water at 15®G and 750 mm. of mercury, deposited 1.772 gm. of silver. Calculate 
the equivalent of silver, I c.c. of oxygen at N.T.P. weighs 0.001429 gm. Tension 
of aqueous vapour at 15°G = 13 mm. 

Volume at N.T.P. of oxygen liberated ^ 100 x 273.(750-13) 


Weight of oxygen = 91.94 x 0.001429 
Equivalent of Ag 1.772 
8 ^ 


'28x760 
0.1314 gm. 

Equivalent of Ag = 102.9. 


= 91.94 C.C. 


0.1314 

y^(2) Two cells, one containing copper sulphate and the other silver nitrate, were 
^aced in the same circuit. It was found that 0.106 g. of Cu was deposited in the same 
time as 0.3597 g. of Ag. Calculate equivalent of silver anti also find out the amount 
of silver which vvill be deposited when a current of 1.05 amperes is passed through 
the solution of silver nitrate for 20 minutes. F.quivalent weight of copper = 31.8. 

Calcutta 1953 

Equi vale nt wt. of Ag deposi ted 

Equivalent of Cu wt. of Cu deposited 

107 . 9 . 


E.C.E. ofAg^Eq. wt. ofAg . E.C.E. ofAg 107.9 
EiC.E. ofH, Eq;wt. ofH, 0.0000 1 OT 1.008 
E.C.E. of Ag = 0.001114, 



and wt. of Ag = 0.001114 x 1.05 X 20 X 60 = 1.404 gm. 
Alternatively from the relation w = Ect/96500. 

w = 107.9 X 1 .05 X 20 X 60/196500 = 1 .409 gm. 

(3J A current of 0.5 ampere is sent through a solution of copper sulphate for 
minutes using platinum electrodes. 

(i) Calculate weight of copper deposited at the cathode. 

From the relation w — ct E/96500 


Weight of Cu = 


0^x20x60 63.57 

%560 ^ 2 


0.1977 g. 


(ii) Calculate number of copper atoms deposited. 

1 gram atom, i.e., 63.57 gm. of Cu contain 6.023 X 10** atoms. 


/. 0.1977 g. of Cu contain 


0.1977 x 6.025 X 10** 
63.57 


0.1873x10** atoms. 
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(iii) Calculate volume of oxygen liberated at the anode at 27^G and 756mm. 
Wt. of O, liberated ^ Eg. wt. of Og 
Wt. of Cu deposited “ Eg. wt. of Cu ^ 

/. wt. of Oa liberated = 0.1977x31.78 **= 0.0497 g. 

Volume of Oa at N.T.P. = 0.0497 X 22400/32 = 34.79 c.c. 

34.79x760x300 


Volume at 27®C and 756 mm « 


= 37.55 c.c. 


756x273 

y (4) The passage of a uniform current through dilute sulphuric acid with platinum 
^uectrodes for half an hour liberated 336 c.c. of electrolytic gas (mixed hydrogen 
^ and oxygen) at N.T.P. Calculate the strength of the current. 

Volume of Ha = 336x2/3 = 224 c.c. at N.T.P. 

Volume of Oa = 336 X 1/3 = 114 c.c. at N.T.P. 

Weight of Ha = 0.224 x 0.09 = 0.02 gm. 

Weight of Oa = 0. 1 14 X 0.09 X 16 = 0. 16 gm. 

Applying w = ctE/96500, 

^ _ wt. of Ha X 96500 


30x60x1.008 


= 1.072 amp. 


wt. of Oa X 96500 , 

' “ —30—603^“ = ‘-^^2 amp. ; 

AlUrtuUively, I faraday i.e^^, 96500 coulombs simultaneously liberate 1 cguivalent, 
i.e., 1 gm. or \ mole of Ha and 1 eguivalent, i.e., 8 gm. or ^ mole of Oai making a 
total of } mole of mixed gas per faraday. Volume of J mole of gas at N.T.P. = 22.4 X i 
cs= 16.8 litres. 16.8 litres of gases are liberated by 96500 coulombs. 

/, 0.336 litres of gases arc liberated by 96500 x 0.336/16.8 = 1930 coulombs. 
But coulomb adipere x second. 

current strength = 1930/30x60 = 1.072 amp. 


5. Explain and illustrate what you understand by electrolysis. State Faraday’s 
laws of electrolysis and show how they may be verihed experimentally. How would 
you determine the chemical eguivalent of copper electro-chemical ly ? 

6. What arc the principal characteristics of electrolytic conduction ? How 
is the phenomenon explained by the hypothesis of ionic conduction ? Give a brief 
account of the hypothesis. 

7. Write short notes on — (i) dissociation and decomposition ; (ii) clc(*tro- 
chemical equivalent. Deduce a relation between electro-chemical equivalent of an 
element and its chemical equivalent. 

8. Give a short accoiyit of the ionic theory. Discuss in terms of the theory 
(a) strengths of acids and bases, (b) neutralisation, (c) hydrolysis. 

^ Delhi Inter 1928 

9. A currrat of electricity deposits 0.2 gm. of copper (eq. wt. 31.8) from copper 

sulphate solution in half gn hour. What volume of oxygen could be obtained using 
acidulated water and ^ current twice as strong as in the former ca.se for 2 hours r 
If the gas were measured at 15®C and 765 mm. pressure, how would the result be 
altered ? 1 litre of oxygen fit N.T.P. weighs 1,44 gm, 

Ans. 279.6 c.c. ; 292.9 c,c. 

10. An electric current is passed simultaneously through the following solutions ; 

hydrochloric acid, ferrous sulphate, ferric sulphate, and silver potassium cyanide. 
If 5,2 litres of hydrogen at N.T.P, were evolved from the hydrochloric acid solution 
how much metal would be deposited in the case of the iron and silver salts ? 
Fe 56, Ag = 108. Ans. Iron 13.0, 8.7 gms. ; silver 50.1 gm. 

11. Explain what is meant by electrolysis. Show how electrolysis may be used 
to find the equivalent of a metal. What meaning does the statement : the E.C,E, 

siltfir is 0.001118 convey? Explain with illustration the connection between 
valency imd the charge of an ion. 

12* JSxplain what is meant by a 4)ase. Is there any difference between a base 
and an alkali ? Would you consider sodium carbonate a base ? 
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13. E^q^lain what is meant by salt, indicating its relation to (i) an acid, and 
(ii) a base. Describe the general methods for preparing salts. What is an add 
salt ? Does an acid salt always have an acid reaction ? Give illustrations. 

yT 14. Explain what you understand by the terms acid, base and salt. What 
•we their characteristic properties ? How are the salts classified ? Classify the 
following salts — sodium bicarbonate, copper chloride, sodium nitrate. Is the reaction 
of a salt always in keeping with its classiiiction ? Punjab ’37 

15. Indicate briefly the theory underlying the process of neutralisation of an 
lg(dki by a base. Solution of sodium carbonate and borax are alkaline to litmus, 
whilst solutions of copper sulphate and ferric chloride are acidic. <iiive reasons for 
this behaviour. Calcutta ’39 

r 16. An electric current is passed between platinum plates through solutions 
^copper sulphate, silver nitrate, and dilute sulphuric acid, the solutions being placed 
'in series. If 0.105 gm. of copper is deposited in the first cell, calculate : — (a) the 
weight of silver separated from the second solution ; (b) the volume of hydrogen 
measured at 15^G and 740 mm. which is liberated from the third solution. £q. wt* 
wt. of Gu 31.8, and that of Ag 108. Ans. (a) 0.3567 gm. ; 40 c.c. 

17. A solution of a salt of a metal of atomic weight 112 was electrolysed for 
150 minutes with a current of 0.15 ampere. The weight of metal deposited was 
0.783 gm. Find the valence of the metal in the salt. Ans, 2 

y 18. The same current is passed through acidulated water and through a solution 
'of the chloride of metal X. The volume of hydrogen liberated at N.T.P. was 14S 
iftres and the weight of metal deposited 42 gm. The*speciflc heat of the metal is 
0.094. Find the formula of the chloride. Ans, XQa 

/ . 19. A current is passed for 6 minutes through a voltameter containing dilute 
,/ffiS 04 liberated 40 c.c. of electrolytic gas, measured at 15®C and 748 mm. What 
^ywas the average value of the current ? , Ans, 0.596 amp. 

y 20. In the preparation of NaOH by the electrolysis of a sodium chloride solution, 
/nOO c.c. of solution containing 40 gms. NaOH per litre was obtained after a certain 
time. During the same time 30.4 grams of Gu (eq. wt. 31.8) had been deposited 
in a copper voltameter in scries with the electrolytic cell. Galculate the percentage 
of theoretical yield of NaOH obtained. Ans, 62.75 per cent. 

21. State Faraday’s laws of electrolysis and explain the terms electrolyte and 

ions. What products are liberated at the electrodes or formed in the electrolyte 
during electrolysis : (a) dilute hydrochloric acid using carbon electrodes, (b) aqueous 
solution of sodium chloride using carbon electrodes, (c) solution of sodium sulphate 
using platinum electrodes ? Punjab Inters 1944 

22. What is the relation between : (a) electro-chemical equivalent and chemical 

equivalent of an element, (b) atomic weight and chemical equivalent of an element. ? 
Galculate electro-chemical equivalent of silver and ,oxygen, given E.G.E. of 
H = 0.0000104, and Ag = 108, O = 16,|^ ^ Bombay ’31 

Ans, E.G.E. of Ag = 0.0011 14 ; E.G.E. of 0,= 0.00008254 
✓ 23. An electric current is passed through solution of copper sulphate and cyanide 

silver connected in series. If in a given time 0.35 g. of popper is deposited, what 
will be the weight of silver deposited in the same time ? Cu = 63.57, Ag = 107.8 

Punjab 1945, Ans, 1.187 gm. 

24. What is meant by salt hydrolysis ? Explaip why an aqueous solution of 
sodium chloride is neutral towar^ litmus, a solution of st^ium acetate is alkaline 
and a solution of ferric chloride is acidic. 

25. Explain the terms : (a) ion, (b) electro-chemical equivalent, (c) Faraday. 

Calcutta *53 

26. State Faraday’s laws of electrolysis and express them in the form of an 
equation. A current of 5 amperes is passed through a copper voltameter and a silver 
voltameter connected in series for 32 minutes and 10 seconds. Galculate the amount 
of Gu and Ag deposited. Given E,G.E. of Gu 0.000325 g. and of Ag 0.001 1 18 g. 

Calcutta 1952, 1959. ^ Am, Gu 3.137 gm. ; Ag 10.79 gm.r 

27. Write a short note on the theory of ionisation. What is tKe diflerence 
between an atom and an ion ? How is the theory tued to explain (a^ neutralisation^ ^ 
(b) electrolysis, and (c) non-precipitation of zinc in group II during analysis. 

,, ld48 
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28. Explain the following on the^basis of ionic theory : (a) use of ammoiiiuvi 

chloride in qualitative analysis, (b) alkalinity of a solution of sodium carbonate 
and acidity of a solution of ferric' chloride, (c) precipitation of pure sodium chloride 
from a saturated solution of the impure salt by PlGl gas. U. P. Board ’44 

29. A current of 2 amperes was passed through a solution of copper sulphate 
for 16 minutes and 5 secs. Calculate the amount of copper deposited on cathode.. 
Given 96500 coulombs can deposit 63.6/2 gms. of copper. CaL 1959 ; 0.636 gm. 


THERMOCHEMISTRY 

Thermochemistry is concerned with the evolution of heat that accompanies a 
chemical change. Heat is a form of energy and hence when a process is accompanied 
by a heat clumge, an equivalent amount of energy of some other from must be 
'inverted into heat. Heat is measured in calorics. The calorie is the amount of 
heat required to raise the temperature of 1 gram of water through 1°G (from 15° to 
16°C) ; 1 kilocalorie is equivalent to 1000 calories. 1 calorie (cal.) = 0.001 
kilocalories (Cal.) =4-1833 joules. 

* Heat of a reaction* — As stated before, vide page 15, chemical changes are 
accompanied by evolution or absorption of heat. Heat of a reaction is the quantity 
of heat evolved or absorbed during a chemical change. Reactions in which heat 
is evolved are exothermic inactions ; reactions in which heat is alisorbed are 
endothermic reactions. Evolution of heat is taken as a positive (+) quantity and 
absorption of heat a negative ( — ) quantity in a thcrmo-chemical equation. Thus 
the equation : 

C. + O 3 = CO 2 + 97,000 dais. 

means the 97,000 cals are evolved in the formation of 1 gram molecule of GO 2 . The 
equation : G + 2S = CS*— 2 1,000 cab. means that 2 1,000 cals, of heat are absorbed 
in the formation of 1 gram molecule of carbon disulphide, CS^. 

Intrinsic energy* — Under a given set of external conditions a 
substance contains a definite amount of energy, known as its intrinsic 
or internal energy. Consider the reaction : 

C+Oa = COa +97,000 cals. 

Heat of the reaction is +97,000 cals. Since no energy is lost in 
the trar sformation, intrinsic energies must balance on either side of 
the equation, when proper allowance is made for the heat evolved or 
absori^d in the process. It follows that : 

intrinsic^ energy of C + intrinsic energy of Og 

— intrinsic energy” of GOa +97,000 calories. 

The internal ener^*of an element is not known, but since thermo- 
chemical measurements give only the difference of intrinsic energies 
of reactants and resultants, the intrinsic energy of a free elemint in its 
normal state is arbitrarily taken as z^ro. The intrinsic energy of COg 
is then equal to —97,000 cals., meaning thereby that the intrinsic 
energy of a mole of COg is 97,000 cab. less than its constituent elements. 

Heat of formation. — Heat of formation of a compound is the 
amount of heat evolved or absorbed when 1 gram-molecule of the 
eonapound is formed from its e][ements in their normal state. 


HF 

+ 38, 500 "■ 

^.0 

68.300 cftlfl* 

Ha 

+ 22.000 


+ 94,000 „ 

-H& ; 

+ 8.440 „ 


-21,000 „ 


^ 6.400 .. 

NO 

- 21,600 „ 
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Heat of formation is a measure of the stability of a compound. The 
-stability of the hydracids of halogens, for instance, progressively 
decrease from HF to HI. 

Now, consider the reaction : C + O 2 == CO 2 + 97,000 cals. 

Heat of formation of CO 2 = +97,000 cals., whereas the intrinsic 
energy of CO 2 is —97,000 cals, i.e., intrinsic encigy of CO 2 is 
numerically equal to its heat of formation but is opposite in sign. 
Again, in the reaction C + 2S = CS 2 — 21,000 cals., heat ^f formation 
of CS 2 is —21,000 cals, but its intrinsic energy is +21,000 cals. In 
other words, intrinsic energy == — heat of formation. 

Heat of combustion. — ^The heat evolved in the complete oxidation of 1 gram 
molecule of a substance (element or compound) is known as the heat of combustion. 

The equation CgH* + 2JOa == 2COj + HjO + 310,615 cals. , 

means that when 1 gram-molecule of acetylene is burnt in excess of oxygen 310,615 
cals, of heat are evolved — this quantity is called the heat of combustion of acetylene. 

law of constant heat summation* — The heat evolved 
in a chemical reaction is the same whether it takes place in one or 
several steps. Carbon, for example , may be burnt to CO 2 directly : ^ 

C + O 2 = CO 2 + 97,000 cals. Ht at evolve*d = + 97,000 cals. 
Now, carbon may be first combined with oxygen to give carbon 
monoxide and then CO may Idc burnt to CO 2 : 

c + i02 =CO +xcak ... \i) 

CO + ^02 = CO 2 + y cals. (li) 

Heat evolved in the two steps (i) and (ii) must be equal to 
97,000 cals., i.e., x + y = 97,000 calories. 

Hess’s law has been utilised to determine the heat of formation 
indirectly. In the above example heat of combustion of CO into CO 2 
is + 68,000 cals, hence x + 68,000 = 97,000, x = 29,000 cals, 
i.e., heat of formation of CO is + 29,000 calories. 

Heat of solution. — Heat of solution of a substance is the amount of heat evolved 
or absorbed when 1 gram-molecule of the substance dissolves in such a large volume 
of water that further dilution causes no additional heat change. The solution is 
denoted by the symbol aq., as HGl aq. Heat of solution of hydrochloric acid is 
17,400 cals., and that of H 2 SO 4 20,200 cals; 

Heat of neutralisation. — This is the amount of heat liberated 
during the neutralisation of 1 gram equivalent of %in acid by 1 gram 
equivalent of a base in their dilute solutions. Heaf of neutralisation 
of a strong acid by a strong base is remarkably constant and is equal 
to 13,700 cals. Consider the neutralisation reaction : 

HCl aq + NaOH aq = NaCl aq + HgO + 13,700 cal. 

According to ionic theory, strong, acids and bases, and salts arc 
completely ionised in their dilute solution, hence 

H+ + Cl- + Na+ + OH- = Na+ + Cl- + HjO + 13,700 cals. 

Disregardmg the common ions on boA of the equality sign, 

H+ + OH- = H^;?^,700 cak. 

Hence, heat of neutralisatiQ|||^ nothing but the heat of fonnation 
of water from its ^ans. This k true for ^ neutralisation of equivalent 
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amounts of any strong aci# and strong base, and hence the constancy^ 
of the value. 

KOH aq + HNO, aq = KNO, aq + H,0 + 13,700 cals: 
or K+ + OH- + H+ + NO,- = K+ + NO,- + H,0 + 13,700 cals.. 
i.e., H+ + OH' = H,0 + 13,700 cals. 

Exerciaea 

1. Wliat is meant by the heat of neutralisation of an acid ? Explain clearly* 
why the heat of neutralisation of strong acids is approximately constant. 

£7. P. Board Inter,, 1946 

2. What are exothermic and endothermic reactions ? Explain with illus-^ 
trations. 

3^ Write notes on : heat of formation, heat of neutralisation, heat of 
solution, and heat of combustion. 

A ' 


XIII 

CATALYSIS 

Catalysis. — In 1835, Berzelius drew attention to a number of 
reactions which were accelerated by the presence of an added substance 
which appeared to take no part in the reaction. This phenomenon 
he descril^d as dialysis, Ostwald compared a catalyst to a lubricant 
which makes a machine move faster or to a whip which urges on a 
reluctant horse. 

Catalysis is a process in which the rate of a chemical reaction is altered 
{either increased or decreased) by the addition of a small quantity of a foreign 
substance which remains unchanged in mass and chemical composition at the 
end of the reaction — the added substance is known as the catalyst. 

Types of catalysis. — (a) Positive catalysis. — A catalyst may 
accelerate or retard the reaction. When a catalyst increases the rate 
of reaction, it is called 3, positive catalyst, and the process catalysis ; 

c.g., manganese dioxide acts as a positive catalyst in the decomposition 
of potassium chlorate into potaSiium chloride and oxygen ; finely 
divided platnium catalyses the reaction of hydrogen witli oxygen to 
give water, and activated charcoal the reaction of hydrogen with 
chlorine to yield* hydrochloric acid. 

(b) Negative catalysis. — When a catalyst diminishes the rate of 
a reaction, it acts as a negative catalyst, and the process is negative catajysis, 
c.g., phosphoric acid acts as a negative catalyst in retarding the 
decomposition of hydrogen peroxide into water and oxygen. 
Glycerine retards the oxidation of sodium sulphite to sodium sulphate 
by air. 

(c) Autocatalysi8.--**There are some reactions in which the 
products of the reaction act as catalysts ; this phenomenon is called 
esdtocatalysis. Thus, tlie decldrisation of potassium permanganate in 

titration of a hot solution of oxal^ acid, in presence of sulphmic 
etuMi is a very slow process. |it the start ; but th^ deoolorisati<m is 
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almost instantaneous as soon as a little manganous sulphate is formed, 
which catalyses the reaction. 

(d) Induced catalysis. — solution of sodium arsenite is not 
oxidised to arsenate on exposure to air, but sodium sulphite is oxidised 
to sulphate under the same condition. When a solution of a mixture 
of arsenite and sulphite is exposed to air, both salts arc simultaneously 
oxidised. This is an example of induced catalysis. 

* Na2S03+Na3As03-(-02 == Na 2 S 04 -f Na 3 As 04 

Characteristics of Catalytic Reactions : — (i) The catalyst remains unchanged 
in mass and composition at the end of the reaction. It may, however, undergo a physical 
change. Thus, coarse manganese dioxide added to catalyse the decomposition 
of potassium chlorate is found to be changed to very fine powder at the end of the 
reaction. 

(ii) A very small amount of the catalyst is only required. Thus, a trace of copper 
sulphate at a concentration of only 10”^* gram molecules per litre markedly accelerates 
the rate of oxidation of sodium sulphite by air. 

(iii) A catalyst does not alter the position of equilibrium in a balanced action, but only 
the velocity of reaction, and since a catalyst influences the forward and backward 
reactions to the same extent, it hastens up the quick attairAncnt of the equilibrium 
state. Catalysts arc usually used in exothermic reactions for the quick attainment 
of equilibrium at low temperatures at which these reactions are favoured. 

(iv) A catalyst cannot start a reaction but can only influence its rate. 

Experiments seem to contradict this statement, since there arc many chemical 
changes which do not take place when the materials are perfectly dry — a trace of 
moisture being essential to start the reactions. 

Thus, the combination of hydrogen and oxygen even in presence of finely divided 
platnium, and the union of nitric oxide and oxygen, do not take place in the complete 
absence of moisture. Perfectly dry carbon monoxide does not burn in dry oxygen. 
Sodium may be melted in dry chlorine without any chemical change, although they 
ordinarily interact vigorously even in the cold. Trace of moisture is thus a very 
active catalyst in many reactions. 

Mechaniam of Catalysis. — Catalytic reactions are grouped into two classes, 
namely, homogeneous catalysis, in which the catalyst is uniformly distributed 
throughout the system, i.c, all the substances concerned are in one' phase, and 
heterogeneous catalysis, in which the catalyst, usually a finely divided solid, is 
not uniformly distributed throughout the system and foritis a separate phase. 
Examples of homogeneous catalysis arc (a) action of nitric oxide in the formation 
of sulphuric acid from sulphur dioxide, oxygen and water vapour, (b) •influence 
of moisture in the formation of ammonium boride from ammonia and hydrogen 
chloride, and (c) effect of acids in the hydrolysis of cane sugar to j^lucosc and fructose. 
Examples of heterogeneous catalysis are found in most technical gas reactions, e.g., 
platinised asbestos is an effective catalyst in the oxidation of sulphur dioxide to sulphur 
trioxide in the contact process for sulphuric acid ; iron is a catalyst in the synthesis 
of ammonia in Haber^s process ; active charcoal helps the formation of phosgene, 
COGl,, from carbon monoxide and chlorine. 

There are two theories to explain catalytic changes. 

The ‘'intermediate compound” theory, applicable to homogeneous catalysis, 
postulates that the catalyst combines with one of the reactants to form a more reactive 
unstable intermediate compound, which then reacts with other reactants to yield 
the products, simultaneously releasing the catalyst. The catalytic action of nitric 
oxide in the oxidation of SO^ in the chamber process for sulphuric acid offers an 
example. Nitric oxide combines with atmospheric oxygen to fom nitrogen peroxide, 
which then converts the sulphur dioxide to the trioxide — ^th^hitric oxide that is 
set free again takes part in the reaction. 

2NO + O* « 2NO. i 2SO* + 2NO. »» 2SO* + 2NO 


10 
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The adsoiption theory, applicable to heterogeneous catalysis only, postulates 
that the reacting gases are adsorbed on the surface of a solid catalyst — the adsorbed 
layer is limited to a thickness of one molecule. The increase in the velocity of the 
reaction is attributed to the close proximity of the reactants in the adsorbed films. 
The product is formed on the surface and subsequently fly off, leaving the surface 
bare for fresh adsorptioii. The degree of adsorption and the catalytic activity increases 
with the fineness of sub-division of the catalyst. 

Catalyst poisons and promoters.— The activity of a heterogeneous catalyst 
is sometime;;! appreciably altered by traces of foreign substances. Foreign substances 
which tend to inhibit catalytic activitv arc known as anti-catalj/sts or catalyst poisons ; 
they are more firmly and preferentially adsorbed than tlic reactants at the surface 
of a solid catalyst, which is thcrcljy rendered ineffective. Thus, in the manufacture 
-of sulphuric ackl liy the contact process, traces of arsenious oxide completely .destroys 
tlie catalytic activity of platinum cataly'st. 

Substances which lend to enhance the activity of a catalyst arc known as promoters. 
In the Haber process for the synthesis of aTiiiuonia with iron catalyst, for example, 
the addition of a trace of molybdenum produces a large increase in’catalytic activity. 

Industrial applications of catalysts. — Mention is made of few processes 
only. — 

(a) Synthesis of ammonia. — Reduced iron with molybdenum as promoter is the 
catalyst in the synthesis of ammonia from its elements in Haber process. 

(b) Hydrogenation of oils and fats. — ^FineJy-divided nickel promotes addition of 
hydrogen to unsaturated compounds, and is used for the hydrogenation (hardening) 
of unsaturated fats and oils — the sdlid products being iLsed for margarine. 

(c) Synthesis of hydrochloric acid from its elements in presence of active charcoal. 

(d) Nitric acid. — Platinum gauze is the catalyst in the oxidation of ammonia 
to nitric acid in Ostwald process. 

(e) Sulphuric acid. — In the contact process platinised astxfstos or vanadium 
pentoxide is the catalyst in the oxidation of sulphur dioxide to the trioxidc. 

Catalysis by enzymes. — Many chemical reactions arc catalysed by complex 
organic substances called enzymes produced by living cells. Thus, the enzyme 
inoertase, which occurs in yeast cells, hydrolyses cane-sugar to a mixture of glucose 
and fructose. 

CiaHaaOu (cane-sugar) HjO = C^HigO, (glucose) -f C^HnOs (fructose), 
which, under the influence of the enzyme zymase^ also present in yeast, are converted 
into ethyl alcohol and carbon dioxide. 

** C,H„0, = 2C,H,OH (ethyl alcohol) + 2CO,. 

Exercises 

1. Write an essay on catalysis and point out its importance in some industrial 

processes. ^ Board InUr.^ 1951 

2. Write a ^hort note on catalysb and its applications. 


* XIV 

\je5i.LO IDAL SOLU TIONS 

The Colloidal State. — In course of his investigations on diffusion 
of solutions of various substances, (Thomas Graham ( 1 852-60) observed 
that acids, bases and salts could readily diffuse in solution and fdirly 
quickly pass through vegetable and animal membranes,) whereas 
substances like glue, staisch and albumen diffused but very slowly. 
(The rapidly diffusing substance^ were called by Graham erystalloidj/ 
wee most of them were crystalline in the solid state. ’I'XTBumciy 
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starch, gum, proteins, etc., on the other hand, which form amorphous 
solid masses resembling glue, were called colloidj^from the Greek 
word kolla, meaning glue, which was a typical meroDcr of the group 
of substances that diffused very slowly. Graham thus differentiated 
between “two classes of matter, the crystalloid and the colloid,” each 
with characteristic properties. 

But in the light of later researches it is more correct to speak of 
the colloidal state of matter than to describe a substance «s a colloid 
or crystalloid, since most substances may be obtained in the colloidal 
state under suitable conditions. Common salt , for example, which is 
• a typical crystalloid in aqueous solution, may be brought into a 
colloidal state in benzene ; soap, which forms a colloidal solution in 
water, behaves as a crystalloid in alcoholic solution. It is the size of 
the particle which decides if a substance will remain in the colloidal 
stale. I’he term colloid, therefore, refers not so much to a class of 
substiince as to a state of subdivision. 

In a true solution, such as one of common salt or sugar in water, 
the solute distributes in the solvent as ions or single molecules. 
suspension, on the other hand, contains particles which are visible 
to the naked eye or, at least, in a microscope. Between these two 
extremes exists the colloidal system in which the particles are larger than 
molecules but are not large engugh to be seen under the microscope. A coarse 
suspension, a colloidal solution and a true solution* differ as regards 
size of particles only. Size of particles : 

Coarse suspension Colloidal particle Molecular diameter 
10“^ cm 10~® to 10“^ cm 10~® cm 

r sis .~^Colloids may be separated from crystalloids by a 
process, called dialysis^ ^.Dialysis is a process of separation of a colloid 
from a crystalloid from a mixture of the two in solution by diffusion through 
a membrane^ such as parchment paper and collodion film^ which lets through 
the crystalloid but not the colloid.^ 

By means of dialysis a colloid is freed from ^rystalloidal 
impurities. ^ 

Eiqicriment. — A solution of starch potassium iodide is taken in a bell jar, 
over the mouth of which a piece of parchment paper 
is tightly tied — the apparatus is called a dialyser 
(fig. 49), It is suspended in a jar of distilled water, 
so that the parchment paper dips into the water. 

After sometime, about half an hour, chlorine water is 
added to the water in the water jar — a yellow colour due 
to liberated iodine shows that the crystalloid potassuim 
iodide has passed through the parchment paper, but 
the starch is retained, which would, otherwise, 
have given a blue colour with the iodine ; on adding 
both chlorine water and starch into outer jar, blue 
colour develops, showing that potassium iodide alone did 
diffuse out. 

V^dlloidal solution* — Unlike a true solution 
which is homogeneous, a colloidal solution is 
heterogeneous and consists of two phase^ one of Fig, 49 

which is distributed throughout the other as 
small particles or droplets ; the substance that is in the form of particle 
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or droplets is in the colloidal state and is known as the disp erse d phase, 
and the medium in which the particles are distributed (oi dispersed) 
is called the dispersion medium. 

The dispersed phase and the dispersion medium may be solid, liquid or gas, 
except that two gases cannot form a colloidal system. When the dispersion medium 
is a liquid, the colloidal systems are called sols ; sometimes the sols are as thick as 
as jelly and arc called gels. Smoke and dust consist of solid particles dispersed in a 
gaseous medium, whereas in fog^ mist and cloud a liquid is dispersed in a gas. A 
foam consists of a gas dispersed in a liquid ; one liquid is dispersed as droplets in another 
liquid in an emulsion, e.g., milk is an emulsion of fat in water ; when a solid of relatively 
large particle size is distributed in a liquid the result is a suspension. 

Classification and preparation of colloidal solution. — 

Colloidal solutions are roughly divided into two classes : lyophilic 
(solvent-loving), and lyophobic (solvent-hating). I’he dispersed 
phase exhibits great affinity for the dispersion medium in a lyophilic 
colloidal system, and consequently many substances forming lyophilic 
sols, readily pass into colloidal solution, when simply treated with a 
^suitable dispersing medium, e.g., colloidal solutions of starch and 
gelatin in water, and rubber in benzene. On evaporation or cooling 
of lyophilic sols, solids are obtained which can be reconveited into- 
sols by adding solvent or by warming, respectively. Lyophilic sols 
are, thus, reversible in character. 

Many aqueous lyophilic colloidal sols occur naturally, e.g., starch, gelatin, rubber 
latex^ and e^g albumen. Lyophilic silicic acid sol can be prepared artificially by 
pouring a dilute solution of sodium silicate into excess of dilute hydrochloric acid : 

Na,SiO, + 2HC1 = 2NaCl + 

Silicic acid is in the colloidal state. The sodium chloride and excess acid are 
removed from the sol by dialysis. Lyophilic colloid particles are heavily solvated. 

The dispersed phase has no affinity for the dispersion medium in a lyophobic 
colloidal system. Lyophobic sols are, therefore, prepared by special methods, 
referred to as condensation method and dispersion method. 

CondenBation method. — Particles of colloidal size are obtained by this method 
as a result of.^chemical reaction between substances which are originally present 
in true solutions, as ions or molecules. Chemical reactions used are : (i) Hydrolysis . — 
Deep red ferric hydroxide sol is obtained by adding drop by drop ferric chloride 
solution to boiling water — the excess fei;ric <mloride and the hydrochloric acid are 
.removed by ^dialysis : 

FeCla + SHaO Fe(OH)s + 3HC1. 

(!i) Metathesis. — ^Yellow arsenious sulphide sol is prepared by passing H^S into 
a solution of arseni6us oxide in water — ^the excess HaS is removed by bubbling 
hydrogen through the sol : Asfi, + 3HaS » AsaS, + 3HaO. 

(iii) Oxidation. — An aqueous solution of HaS can be oxidised by sulphur dioxide 
to yield a sulphur sol : SOa + 2HaS = 38 + 2HaO. 

(iv) Reduction. — Metal sols (sols of Au, Ag and Pt, etc.) arc obtained by the 
reduction of solutions of their salts with formaldehyde, hydroxylamine and hydrazine, 
etc. Zsigmondy’s gold sol is prepared by reducing a solution of auric chloride with 
formaldehyde — the sol is ruby-red in colour when gold particles are fine, and blue 
with coarser particles. 

Wapwidiem method. — ^By this method the material is disintegrated from the 
massive fycm into particles of colloidal size. 

(i) Medumical dispersion. — This is* done in a colloid mill which consists of two closely 
epaaad disoL lototing at a high speed in opposite directions. A mixture of the 
material to be dispersed and the dispersion xn^um (e.g., day suspensions in water) 
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is fed between the plates, where the shearing force produces particles of colloidal 
size. 

(ii) Peptisation . — ^The term refers to the dispersion of a substance into particles 
of colloidal size by an added agent, known as a peptising agent. The presence of a 
common ion in small amounts helps peptisation. A precipitate of aluminium 
hydroxide passes into colloidal solution if shaken with water containing a little 
aluminium chloride. A dilute solution of AgNOa or KCl can peptise freshly 
precipitated AgCl to yield a colloidal sol. 

Bredig’s method which involves both dispersion and condensation makes use 
of electrical disintegration. Metal sols are prepared by this method, c.g., sols of Au, 
Ag, Cu, Pt., etc. A direct current electric arc is struck between two metal electrodes 



(fig. 50fl) held under water, and the metal sol is formed. The metal is vaporised 
by the arc and the vapour is condensed by cold water to form colloidal particles. 

Once the dispersed phase is precipitated out from a lyophobic, sol, it can not be 
reconverted into the sol easily ; lyophobic sols arc, therefore, called irreversible sols. 

Properties of sols. — (i) Diffasion and dialysis. — ^The rate 
of diffusion of a sol is very much less than that of a solute in true 
solution. The process of puiifying a sol from true solution, known 
as dialysisy depends largely on the diflercntial rates of diffusion. 

(ii) Osmotic pressure. — ^The osmotic pressures of colloidal 
solutions are very small. The very low osmotic pressures of sols 
distinguish them from true solutions. 

(iii) Optical properties. — (a) Tyndall effect. — Colloidal 
particles are too small to be seen in a microscope. But just as dust 
particles in the path of light, when a sun beam cnteis a dark room, 
become visible due to scattering qf light fxom fheir surface, so also 
when a strong beam of light is passed through a sol in darkened 
room (fig. 50c), the individual colloidal particles scatter light and as 
a result they appear as flashes cf light which can be observed and 
counted under a ultra-microscope y first constructed and used by 
Zsigmondy. 'The colloidal solutions, thus, spatter light, producing 
what is called Tyndall effect. A true solution does not show Tyndall 
effect and is said to be optically void. 

(b) Brownian movement. — ^\Vhcn observed in the ultra- 
microscope colloidal particles arc found to undergo a ceaseless random 
motion, referred to as Brownian movement after the name of English 
botanist Robert Brown who in 1827, first observed this movement 
in pollen grains dispersed in water. The Brownian motion is due 
to the impact of the molecules of the medium on the colloidal particles 
(fig. 50b). 
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The Tyndall effect and Brownian motion are characteristics of colloidal 
solutions only. 

(iv) Electrical properties. — (a) Electrophoresis and electro- 
osmosis. When a sol is placed in an electric field, colloidal particles 
move in one direction or another, showing that the colloidal particles are 
electrically charged with respect to the dispersion medium. When two 
platinum wires connected to the terminals of a battery, for example, 
are dipped in arsenic sulphide sol in a U-tubc, the colloidal particles 
slowly mo>fe towards the positive pole, showing that thev carry 
negative charges. This phenomenon of movement of colloidal 
particles under the influence of an electrical potential is called 
electrophoresis ; also called cataphoresis. 

Colloidal particles of clay, arsenious sulphide, silicic acid and metals such as 
Au, Ag and Pt, carry negative barges, whereas haemoglobin, and metallic hydroxides, 
c.g., Fc(OH) 5 and Al(OIl)„ etc. are positively charged. 

When an electric field is applied to a sol under condition in whicli the colloid 
particles are held stationary the liquid is observed to move — this clfrct is known as 
eUctro-omosis ; when the colloid particles arc negatively charged, the liquid moves 
towards the negative pole. 

< Coagulation of colloids. — Electrical charge is an important 

factor in the stabilisation of colloids'. ^(JWhen an electrolyte is added 
to a colloidal sol, the latter slowdy gets turbid and finally the dispersed 
phases separates out as a precipitate ; this phenomenon is known as 
precipitation or coagulation.^ Coagulation is. due to the neutralisation 
of the charge on 'the colloid particles by the oppositely charged ions of 
the added electrolyte. The coagulating power of an electrolyte 
depends upon the valency of its ions. Hardy — ScHuItc rule states 
that S^Pf^he ion which is effective in causing coagulation of a sol ts the ion 
whose charge is of opposite sign to that of colloidal particles^ and ^jny^the 
coagulating power increases with increasing valency of the ion. Bivalent 
sulphate ions, for example, arc about 50 times more effective than 
univalent chloride or nitrate ions in coagulating positively charged 
ferric hydroxide sol. Charged colloids arc also effective in coagulating 
colloids of opposite charge ; when positive fciric hydroxide sol and 
negative arsenious sulphide sol are mixed, mutual coagulation of 
two colloids take place. Heating a sol also favours coagulation. 
I-yophobic sols are relatively unstable compared with lyophilic sol ; 
the formef is coaguated by small quantity of electrolytes but the latter 
is not affected unless large amounts of electrolytes are added. The 
addition of a lyophilic colloid to a lyophobic sol renders the latter less 
sensitive to coagulating effect of electrolytes. When this occurs the 
lyophobic sol is said to*he protected and the lyophilic colloid is called a 
protective colloid. Gelatin, gum, albumen, etc., usually act as 
protective colloids. Graphite sols arc protected by the addition of 
tannin ; gum-arabic acts as a protective colloid to ink preparations. 

' phenomena of electrophoresis and electro-osmosisy and coagulation 

•'^ej^acteristics of sols only. ^ 

Vy'j^pj^eatlons of CSollolds.n^Colloids play an important role in our everyday 
life^aiKl industry. Many of the substances composing the body of living organisms — 
the protoplasm itself — are colloids# Mention is made of few of its applications 
to its importance in science and technology : 
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(i) Fo(j</.~Many of our foods are colloids. Milk, for example, is an emulsion 
of butter-fat in water, stabilised by casein as an emulsifying agent. In ice cream 
the casein of milk and ice particles are in the colloidal state, stabilised by the presence 
of gelatin or albumen. Artificial beverages are mostly colloidal solutions or 
emulsions : tea is a colloidal solution, coffee an emulsion. 

(ii) Medicines . — Many pharmaceutical preparations are cither emulsions or 
colloidal suspensions, e.g., cod liver oil emulsion, colloidal gold sol. Colloidal silver 
(protargol and collargol) is used in eye treatment. 

(iiil Vegetable tanning . — Process of tanning is regarded as a union of tannins with 
hide fibre. Tannins dissolve in water forming colloidal sols, in which the particles 
arc negatively charged. Hides soak water and swell forming a geLof positively 
charged colloid particles of collagen, the principal constituent of hide fibre. On 
mixing the two, hide and tannin, electrical neutralisation with the resulting coagulation 
of two colloids follow — this is the fundamental action in leather tanning. 

(iv) Formation of d^ln . — Many rivers carry colloidal suspensions of clay particles 
which are negatively charged. When such a river reaches the sea, the salt 
concentration is high enough to bring about the coagulation of the clay particles 
which are deposited to form a delta — in this way new land, e.g., Gangctic delta, 
is continuously added at the mouth of the river. 

fv) Dust precipitation. — Smoke, dust, mist, and fog, etc., are all colloidal suspensions 
of solids or liquids in gases, in which the individual particles are electrically charged. 
They can be deposited by Cottrell precipitator which consist of two metallic plates 
across which a very high potential, about 50,000 volts, is applied and between which 
the gas containing the dust, smoke, etc., is passed. Dust particles, etc., arc attracted 
towards the plates of charge opposite their own and arc dischargcxl, and finally settle 
down, and the cleaned gas passes on. Cottrell precipitator is now an adjunct of 
many factories for the elimination of dust and mist, e.g., sulphuric acid concentration 
units, cement factories, and furnaces for smelting arsenical ores. 

(vi) Gleaming action of soap . — Soap forms a colloidal solufton in water. Its 
detergent action is due to its ability to emulsify the greasy matter that holds the dirt 
particles fast on the soiled linen. With the removal of the grease the dirt is released 
from the surface of the linen and is washed away, 

(vii) Rubber plating . — The latex, i.c., the milky juice that a rubber plant yields, 
is a colloidal suspension of negatively charged rubber particles : this property is 
taken advantage of to plate rubber by electrophoresis on various objects, e.g., gloves, 
hot water containers, etc., are made in this way. 

Besides, paints, lacquers, varnishes and enamels are dispersions of pigments etc. 
in suitable vehicles or solvent. Practically all plastics are colloids, so also the gums, 
resins and glues. Silica and alumina gels find use as adsorbent for gases. 

(viii) Purification of water . — Alum is largely used for clarifying drinking water. 
Flocculcnt precipitate of aluminium hydroxide is formed due to the alkalinity in 
water — it is in colloid state with a positive cl^rge and readily coagulates the negatively 
charged colloidal suspensions in the w'atcr, and as it slowly settles, it carries with 
it most of the suspend^l matter. • 


Exercises 

1. Write a .short cassy on the colloidal state of matter. Punjab y 1932 

2. What arc colloids and cr>'Stalloids ? Give examples. Discuss some of the 
important properties of a colloid. Describe a process by which a colloid can be 
obtained in a pure stale. 

3. What is dialysis ? Describe an experiment to illustrate it. CalcuitOy 1958 
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THE STRUCTURE OF MATTER 


In the nineteenth century the atom was regarded as a small indivisible particle 
— the unit of matter in all chemical changes. But convincing rescarclscs in physics 
of the celebrated scientists, Sir J. J. I'homson, Lord Rutherford and others equally 
famous in the beginning of the 20th century have shown that an atom is a complex 
structure, f 

Cathode rays : The electron,— -When an electric discharge is 
sent through a rarefied gas (at low pressure of 0.1 nini. of IJg or less) 
in a vacuum tube, a stream of lays, called cathode rays, is emitted from 
the surface of the cathode and move in straight lines towards the 
anode. By studying the deflection in electric and magnetic fields 
Sir J. J. Thomson (1897) showed that the cathode rays consist of 
negatively charged particles. Each particle carries a negative charge 
of electricity of magnitude 1.6x10“^® coulombs which is equal but 
opposite to that of a hydrogen ion. These negatively charged particles 
are called electrons. The ratio of the charge c to the mass m of the 
electron, e/m, is l.ThSxlO® coulombs per gram. The ratio e/m for 
the electron is always the same, no matter what is the residual gas 
in a vacuum tube and the material of the cathode. The ratio c/m is 
1836 times greater than the ratio of charge to mass, c'/ni', for the 
hydrogen ion, which is 96,494/1.008 =9.574x10* coulombs. Since 
the charge of an electron is equal but opposite to that of the hydrogen 
ion, i.e., c = c', its mass is 1836 times smaller. 


e/m 


1.758x108 

'9.574x10* 


= 1836, 


m' = 1836 m, 


i.e., the hydrogen ion is 1836 times heavier than an electron. 

Electrons can be had from all kinds of substances. An electron is, 
therefore, a common constituent of all kinds of matter. Hence an electron 
isTa constituent of all atoms. 

The positive .rays : The Proton, — The discovery of the, 
electron suggests that an atom contains positive electricity in some 
form since the atoip as a whole is electrically neutral. Besides 
negatively charge^ cathode rays, the operation of a discharge tube 
always produces^a stream of rays travelling in a direction opposite to 
the cathode rays, called positive rays. The positive rays consist of 
positively charged particles of atomic mass formed from atoms by the 
removal of electrons — the ratio of the charge to the mass of these 
particles is no longer constant as for the electron but depends on the 
nature of the residual gas in the tube. This ratio shows that these 
particles are much heavier than the electrons. The lightest positively 
chai^d particle has been detected in the hydrogen discharge tube— its 
‘ uabout the same as that of the hydroigen atom and it has a unit 
\,Chargc, I.C., it is a hydrogen atom ihat has lost the electron. This 
of unit mass and unit ppsitive charge is known as a proton. No 
litively charged ion has been found which has a mass less than 
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that of a pioton — the mass of different ions are integral multiples of 
that of proton. Hence, protons like the electrons^ enter into the structure of 
all kinds of atoms, A proton is a fundamental particle like an electron. A 
proton with one electron forms a hydrogen atom and hence ; 

mass of a H-atom = mass of a proton + mass of an electron 
= 1836 m + = 1837 m, 

i.e. the hydrogen atom if 1837 times heavier than the electron. 

The Neutron* — Neutron is another fundamental particle of matter, 
discovered by Chadwick in 1932 by bombarding beryllium with alpha 
particle (i.e., a particle of mass equal to 4 times that of a hydrogen 
atom and carrying 2 unit positive charges). The neutron has about 
the same mass as that of the proton, but no electric charge, i.e., it is 
a neutral particle of unit mass. 

Positron was discovered in 1932 by Anderson. A positron is an exact electrical 
opposite of an electron, i.e., a positron is a positive electron of unit positive charge 
and mass equal to that of an electron — its place, if any, in the structure of matter 
is still obscure. A positron has only transitor>’ existence. 

• The structure of the atom* — ^I'he fjmdamental particles, 
electrons, proton and neutron, enter into the structure of matter. The 
piesent conception about the structure of atom is mainly due to E* 
Rutherford (1911) and is based on his experiment on the scattering of 
a-particles by thin metal fo*ils. When a thin gold fqjl, 0.0004 mm. in 
thickness, for example, is placed in 
the path of a-particles in a vacuum 
tu^ most of the particles pass out 
practically without any deflection — 
a small proportion, however, are 
scattered through a large angle ; 
one a-particle in 20,000 was turned 
through 90^ or m o"e,. This sudden 
and very large deflection suggests 
that the mass of the atom is located 
on a veiy minute nucleus, carrying 
the whole of the positive charg® 

(fig. 51). 

The size of the nucleus must be 
very small indeed in coniT'Jarison 
witlf the atom, since the a-particles 
nass through several atoms without dcflcctio\i — the diame^ter of the 
atom is of the order 102 j_ian» and tha.t of the atomic huofasus is, of 
tlie crcicr ol cm. andli ^ce'the great^part ol me atom 
space. T lie atom is pict’ufcff^ar a s>ste»^ in which a tlfly '^SSTtlVftly 
barged nucleus is surrounded by planetary electrons — an atom is, 
therefore, very much like a model of the solar system* Since an 
atom as a whole is electrically neutel, it must contain cquafeMm]^ 
of protons and planetary electrons. The planetary electronsH^Kye 
round the positively charged nucleus in a series of orbits in 
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they are held, not by gravity as in a solar system, but by electrostatic 
forces between the positive and negative charges. 

Nucleus < r-Elcctron- — ► 

+ Electrostatic attraction — Centrifugal force 

The nucleus of an atom is built up of protons and neutrons — the 
mass of an atom being concentrated entirely in the nucleus. Since 
the neutrons, like protons, have unit mass but carry no electric charge, 
the atomic ntass of an element is equal to the total number of protons 
and neutrons (the mass of electrons being negligibly small), while the 
number of protons is equal to the nuclear positive charge. 

The proportion of protons and neutrons, however, can vary only 
within narrow limits, beyond which the nuclei are no longer stable, as 
in the case of heavy radio-active elements such as radium and uranium. 

The atomic number of an element Is equal to the number of positive 
charges on the nucleus of an atonic which is equal to the number of protons 
in the nucleus (also equal to the number of planetary electrons)^) 
As the atoms of each successive element in the periodic table has 
one additional positive charge in the nucleus, the serial number of an 
element in the periodic table counting fiom hydrogen is also known 
as the atomic number. Moseley showed that t he atomic n umber 

m ore fundamental property of an element thanits atomic weight. 

The planetary electrons revolve in a set of concentric elliptical 
shells or orbits having the positive nucleus at the centre. There are 
seven such shells, each shell being able to contain a certain maximum 
number of electrons — the first shell which is the nearest orbit to the 
nucleus can contain only up to 2, the second up to 8, and so on. 

The shells arc described by the letters K, L, M, N, O, P, etc., — 
the first is the K shell, the second 1., and so on ; each shell represents 
a definite energy level — the energy is the least when n = 1 and inci cases 
as the value of n increases, n being the serial number of the shell. 
The electrons in the K orbit are, therefore, at the low'cst energy level. 


The maximum nurpber of electrons in a shell n is 2 n ®. 


Sheel n 

K • 1 

L . • 2 

M 3 

■ N 4 


Maximum number of electrons 
2 xl *-2 
2 x 2*==8 
2x3»-= 18 
2x4*=: 32 


The outermost shell of an atoin, however, cannot have more than 
pns, except helium which'bas a pair of electrons only. 

electronic configurations of the inert gases with which end 
Ifife^ent periods in the periodic table are as follows : 
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Inert gases and their 

Electrons in successive shells 

atomic number 

Shell K 

L 

M 

N 

O 

P 



n -= 1 

2 

3 

4 

5 

6 

Helium 

2 

2 






Neon 

10 

2 

8 





Argon 

18 

2 

8 

8 




Krypton 

36 

2 

8 

18 

8 



Xenon 

54 

2 

8 

18 

18 

8 


Radon 

86 

2 

8 

18 

32 

18 

• 

8 


As the charge on the positive nucleus is increased by one at each 
step an electron is added to the orbits, as the following illustrations 
clearly show. 


An atom of hydrogen contains one proton in the nucleus and a 
single planetary election in the fiist shell ; hence its atomic mass 
is one, and the atomic number is also one. The helium nucleus 
contains 2 neutrons and 2 protons— the planetary electrons are 
therefore two, all contained in the first shell. The next heavier 
clement contains 4 neutrons and 3 protons in the nucleus — the 
plaiietary electrons being three only, 2 in the finst shell and 1 in the 
second. The addition of electron in the second shell produces 
successively the elements lithium, beryllium, boron, carbon, nitrogdn, 
oxygen, fluorine and neon r- with neon the second shell contains 8 
electrons and is full. The next electron successively •enters the third 
shell until it is full in argon — argon having 2 electrons in first shell, 
8 in the second and 8 in third. 

Atomic structure of first 20 elements in the Periodic Table 


Element 

Atomic 

Atomic 

Electrons in orbits 


weight 

number 

K 

L 

M N 

H 

1.008 

i 1 

1 



He 

4.003 

1 2 

2 



Li 

6.940 

3 1 

2 

1 


Be 

9.013 

1 4 , i 

2 

2 


B 

10.820 


2 

* .3 


C 

12.010 

6 

2 

4 


N 

14.008 

7 1 

2 

5 

• 

O 

16.000 

S 

2 

.6 


F 

19.000 


2 

7 


Ne 

20.183 

10 1 

2 

8* 


Na i 

1 22.997 

11 

'I 

8 

1 

Mg 

24.32 

12 

2 

8 

2 

Al 

26.98 

13 

2 

8 

3 

Si 

28.09 

14 

2 

8 

4 

P 

30.975 

15 

2 

8 

5 

S 

32.066 

16 

2 

8 

6 

Cl 

35.457 

17 

2 

8 

7 

A 

39.944 

18 

2 

8 

8 

K 

39.100 

19 

2 

8 

8 1 

Ca 

40.80 

20 • 

2 

8 

8 2 , 


I 
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Electronic Theory of Valencry. — Modem atomic structure largely explains 
the mechanism of chemical changes. The elements of zero woup viz., helium, 
neon, argon, krypton, xenon and radon, arc found to be mert memically, i.e., they 
manifest no combining capacity, or what is called valency.. Their chemical inertness 
is due to the stable electronic structure of their atoms. 

The outermost shell of atoms of all the inert gases, except helium (which has 
two electrons only), contain eight electrons, as shown in a table on page 155. 

Chemical reactivity of other elements depends upon their tendency to assume 
the stable configuration of the inert gases so as to have an octet in the outermost 
orbit (or a duplet as in helium). This tendency may be satisfied cither (a) by the 
transfer of electrons from one atom to another, or (b) by the sfiaring oi electrons between 
two atoms, accortUngly there arc two main types of valency, viz., electrovalency and 
covaUncy, The electrons in outermost orbits arc usually involved in chemical changes. 




Electrovalency. — An examination of the atomic number shows that the inert 
gases are just followed by an alkali metal and preceded by a halogen. Metals in general 
follow the inert gases, while the non-metals precede them. The sequence is as 
follows : 



H 

He 

Li 



1 

2 

2. 1 


0 

F 

Nc 

Na 

Mg 

2. 6 

2, 7 

2, 8 

2, 8, I 

2, 8. 2 

S 

Cl 

A 

K 

Ca 

2. 8, 6 

2, 8, 7 

2, 8, 8 

2. 8, 8, 1 

2. 8. 8, 2 


The combination between metals and non-mctals, therefore, involves a process 
of electron transfer in which the sxirplus electrons of the metal supplies the deficit 
of electrons of the non-mctal. Thus when an atom of sodium with one surplus electron 
combines with an atong of chlorine with a deficiency of one, producing common salt, 
sodium traasfers the surplus electron to chlorine and thereby sati.sftes their tendency 
to lose or gain electrons, 'fhe sodium atom has become positively charged ow'ing 
to the loss of an electron aqd the chlorine atom negatively d^arged due to the gain 
of an electron. The electrically charged atoms, called ions, arc then held together 
by electrostatic attraction, there being no definite bond betw'cen them. The ions 
come apart readily in solution or in the fused state and form independently mobile 
ions, and hence conduct electric current. 

This type of valency which depends upon electron transfer is called cUctro^vaUncy. 
It may be cither positive or negative and is measured l>y the number of electrons a 
neutral 3.10m loses or gains in the formation of tlic complete octet — a metal atom 
exh|bting {positive eicctrovalcncy and the non-metals negative elcctrovalcacy. In ‘ 
common salt sodium has the positive eicctrovalcncy of one, and chlorine the negative 
efocjtfbvalency of one. In the formation of calcium chloride, an atom of calcium 
Iramm itt two surplus electrons to t\^o atoms of chlorine— eac /t accepting one electron ; 
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hence calcium develops the positive electro-valency of two. In sodium sulphide 
two atoms of sodium— ^ach having only one surplus electron — transfer 2 electrons 
to sulphur atom which has the deficit of two ; sulphur, therefore, has the negative 
clectrovalcncy of two in this case. 

The electron transfer is illustrated by few examples : 


Na 


+ 

Cl = 

Na+ 

+ 

ci - 


2 , 8,1 



2 , 8,7 

2 , 8 


2 , 8,8 


Cl 

+ 

Ca 

+ Cl 

=3 

Cl- 

+ Ca++ » + 

ci - 

2 , 8,7 


2 . 8 , 8 , 2 

2 , 8.7 


2 , 8,8 

2 . 8,8 

2 . 8.8 

Na 


S 

+ Na 

3 = 

Na+ 

+ s = + 

Na+ 

2 , 8,1 


2 , 8,6 

2 , 8,1 


2 , 8 

2 , 8,8 

2 , 8 


Govalency. — ^The covalency consists in the mutual sharing of a pair of electron 
between two atoms each of which has the deficit of electrons — of the shared pair 
each atom contributes one electron. Mutually shared electrons form a definite bond 
between the two atoms — the sharing of one, two or three pair giving rise to a single, 
double or a triple bond respectively. The atoms of non-metals which have the 
deficit of electrons combine with one another by covalency. 

The diatomic molecules, H„ Clj, O*, N*, etc., are formjd in the following way — 
the electrons in the outermost orbit being shown only. 


H- 


:Ni 


+ H :C1. + .Cl: « 

• •* 

+ IN; = :N;::N;; O: + 


•• •• 

:C1:C1: 

•• •• 

• • •• •• 
:0 •=0 ::0 
.. .. •• 


The formation of water, methane, ammonia, ethylene, acetylene and hydrogen 
chloride by covalent links is shown as follows : 




H 


H 

N-H 


H..G: : :C..H 


Water 


Ammonia 


Acetylene 


H . . C : :C . . H 

H H 
Ethylene 


H 


H ..C..H 
< 

H 

Methane 


*** 

Hydrogen chloride 


Tlie covalent link due to a shared pair of electrons gives riy to a definite b<»ul 
between the atoms, while in electrovalent compounds the electrically charged atemos- 
20*0 held together by electrostatic attraction only — there •being no bond in between 
them. This gives rise to difference between electrovalent and covalent compounds : 


^"^ectrovaleat compoimds 


VjGovalent compomids 


1. Polar and conducts electricity when 
fused or dissolved. 

2. Relatively high melting and boiling 
points. 

3. Usually insoluble in non-ionising 
solvents, such as benzene. 


1. Non-polar and non-conductors. 


2. Relatively low meltmg a])4 boiling' 
points, i.c., volatile. « 

3. * Usually soluble kt non-ionising 

solvents (organic idvmts). 



rroperties ot a typical ionic and covalent substance are shown in the table : — 


Substance 

Type 

m.p. 

mol 

Solubility 

Conductivity 



i 

1 ' 

1 in water 

in alcohol 

in aqueous 
solution 

Common salt 

Ionic : highly 
polar 

Covalent ; 
non-polar 

0 

0 

0 

CO 

j 1440 "! 

high 

nil 

high 

Iodine ^ 

114 ° 

C 

00 

very 

slight 

high 

i 

nil 


Co-ordinate covalency — also called dative covalcncy, semi-polar bond, co-ionic 
bond or co-ordinate link. The co-ordinate link is formed by the sharing of a pair of 
electrons, but the electrons are contributed by one atom only, and not by each atom 
as in covalcncy. Here one atom which contains a ‘lone pair' of unshared electrons 
acts as the donor, while the otlicr atom acts its the acceptor. Thus boron trichloride 
combines with ammonia — ammonia having a lone of pair of electrons and boron 
in boron trichloride having only 6 shared electrons in the outermost shell, which is 
2 less than the octet. Here ammonia is the donor and boron trichloride the acceptor. 




Cl: 


H 


• • 

H Cl 

H:N; 

+ 

B:ci: 

1 1 

= H-N B-Cl 

1 1 

H 


:a: 

1 1 

H Cl 


The co-ordinate link is represented by the arrow“^with the head pointing towards 
the acceptor. 

In aqueous solutions H+ ions of acids combine with water by co-ordinate bond, 
forming hydronium ion, H5O+ — a lone pair of electrons of oxygen in water is shared 
w'ith the H+ ion. Ammonium ion, NH4+ is similarly formed — the lone pair of electrons 
of nitrogen in ammonia is shared with th- ■ — 

+ H+ = 

• • 

H 

H:N:H + H+ =*- 

Isotopes* — Tne atoms of an element with different atomic weights 
but the same chemical properties are known as isotopes. Isotopes of an 
element have the same atomic number fi.e., the same number of protons 
in their nuclei) and hence the same chemical properties. The atomic 
number determines the planetary electrons in the orbits, and hence 
also the electrons in the outermost orbit (known as valency electrons)^ 
upon which depend the chemical properties of an clement. The 
atomic number is, therefore, the fundamental property of an element 
which determines its chemical property. Isotopes are identical 
in all properties including the chemical properties, which depend on 
the |itomic number, but differ in those physical properties, such as 
d^ity, rates of diffusion, etc. which depend on mass. Isotopes {isos^ 
equal and toposy place) occupy the s^me place in the periodic table. 










It is the number of neutrons in the nucleus which makes the 
difference in the atomic masses of various isotopes of the same element 
and not the number of protons which is constant for all the isotopes 
of a given element — the number of neutrons varies in the different 
isotopes. Chlorine, fqr example, has two isotopes of atomic masses 
35 and 37 — one containing 17 protons and 18 neutrons in the nucleus, 
while the other contains 1 7 protons and 20 neutrons only — the atomic 
number in each case being 1 7. The atomic mass of an isotope (also 
known as the mass number) which is the sum of the protons hnd neutrons 
ill the nucleus is alwavs a whole number, since protons and 
neutrons are particles of unit mass. The atomic weight of an element, ^ 
as determined by chemical analysis, is but an average of the atomic 
masses of various isotopes of an element as found in nature. 

Elements with fractional atomic weights exist as mixture of 
isotopes wdiose mass numbers have integral values. 

Thus ordinary chlorine contains the two isotopes of atomic masses 35 and 37 
in such a proiX)rtion that its average atomic mass is always found to be 35.457. Argon 
has three isotopes of atomic mass 40, 38 and 36 and its average atomic mass is 39.9^. 
Potassium has three isotopes of atomic mass 39, 40 and 41, and its average atomu 
mSiss is 39.10. The atomic numbers of argon and potassium arc 18 and 19 
respectively, and hence quite correctly argon precedes potassium in the periodic 
table. 

Hydrogen has thiee isotopes — ‘light hydrogen*, heavy hydrogen 
or deuterium (symbol D) and tritium of mass numbers 1, 2 and 3 
respectively. Relative abundance of deuterium in ftrdinary hydrogen 
is about 1 part of deuterium to 6900 of ‘light hydrogen* and ordinary 
water contains corresponding amount of heavy water, D^O, 

The principal method of enrichment of ordinary water in heavy water, also called 
deuterium oxide, D.jO, is electrolysis of aqueous solution of acid or alkali ; light hydrogen 
is preferentially evolved, and the residual solution gets richer in deuterium with 
progrc.ss of electrolysis. Heavy water can be finally obtained by prolonged electrolysis 
Deuterium is made by the action of sodium on deuterium oxide or by electrolysis 
of deuterium oxide in presence of phosphorus pentoxide. * 

Oxygen has 3 isotopes of mass numbers 16, 17 and 18. Uranium 
has three isotopes of mass 234, 235 and 238 — the 235 isotope readily 
undergoes nuclear fission with explosive violence fcleasing huge energy 
as it docs in the atom bomb. Isotopes of few elements are : 


Elements 

Atomic 

number 

. 

Atomic 

weight 

^fass 

number 

proton + neutron 
Nucleus 

Hydrogen 

1 

1.008 

1 

1 




• 2 

1+1 




3 

1+2 

Chlorine 

17 

35.457 

35 

17 + 18 




37 1 

17+20 




36 

18+18 

Argon 

18 

39.944 

38 

18+20 




40 

18+22 



1 

39 i 

19+20 

Potassium 

19 

39.100 

40 I 

19+21 


i 


41 1 

1 19+22 


Isotopes of different dements having the same mass numbers arc known as Sobers : 
this occurs when the sum of protons and neutrons in their nuclei is the same. The 
two isotopes of argon and potassium with m^s numbers 40 arc isobaric. Except 
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that they have the same atomic mass, the isobars differ in all their physical as well 
as chemical properties. 

Atomic structure and atomic theory. — Modern atomic 
. structure contradicts the assumptions of Dalton’s atomic theory. — 
(i) An atom is not indivisible, as Dalton assumed, since it itself consists 
of the fui^damental particles, protons, neutrons and electrons, ^ii) The 
discovery of isotopes indicates that the atomic weight of an element is 
'not constant as was the assumption of Dalton. In the light of modern 
' theory of the atom an element may be defined as a substance which is composed 
of atoms with same atomic number ue.^ with the same positive charge in the 
nucleus. 

But the most fundamental assumption of the atomic theory — that 
an atom is the unit of all chemical changes still holds good, in spite 
of its complex structure. 


RADIOACTIVITY 

Discovery. — The walls of X-ray generating vacuum tube become luminous 
or fluoresce tmder the influence of X-rays. 

Fluorescent substances were, therefore, 

« carefully examined for a supposed relation 
between fluorescence and X-rays. It was 
in this context that is 1896, one year after 
the discovery of X-rays by Rontgen, 
uranium compounds were found by H. 

Becquerel to spontaneously emit radiations 
capable of affecting, a photographic plate 
covered in black paper. This spontaneous 
emission of penetrating rays was called 
radioactivity and the element uranium 
undergoing such a change is said to be 
radioactive. In cotirse of investigation of 
the uranium mmeral, pitchblende, which was 
found to be more active than its uranium 
content, M. and Mme. Curie in 1899 
discovered two active elements, polonium 
^ (so named after Mme. Curie’s native 
country, Poland) and r^ium, which were 
many times more active than uranium 
itself. Another radioactive element, 
thorium, occurs in monazite sands, found in 
Travanoore in India. Fig. 53 

Madame Curie (1867-1934) 

Properties. — ^The radiation emitted by radioactive elements is 
composite in nature and consists of three different kinds of rays : the 

a-rays^ the P^rays and the yrays. 
When subjected to an electric or 
magnetic field (fig. 54) theja-rays 
suffer deflection in ^e opposite 
direction to j3-rays, whereas the 
y-rays remain undefiected. 

The a-rays consist of material 
particles of mass 4 and having a 
positive charge of 2 units, i.e., they 
are doubly positivel^harged helium 

. atoms. They are s^ot out with a 

. . ^iFig. 54 e velocity about one-tenth that of light. 
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They have great ionising power but very little penetrating power — 
only a few cm. of air or very thin aluminium foil, 0.0 1 mm. in thickness. 
When radium (atomic mass 226) emits a-particlcs, the inert gas 
radon (atomic mass 222) is formed, the atomic mass of an a-particle 
being 4. One element is thus transformed into another element with 
emission of rays in a radioactive change. Ihc a-particles ultimately 
become helium. 

The p-pariicles consist of electrons, i.c., particles of unit negative 
charge, shot out with speeds varying irom two-fifths to liine-tcnths 
of speed of light. Particles with high s^ieed have considerable 
penetrating power— 0.1 mm. of aluminium. Iheir ionising power is 
much weaker than a-rays. The y-rays are not particulate but are 
X-rays, i.e., electio-magnetic radiations, of very short wave length. 
They* are not deflected by either clccuic or magnetic fields. 'Phe 
speed of y-i‘ays is the same as that of light, irt6,000 miles per second. 
I'hey ionise air and arc highly penetrating- 25) cm. of steel and 
5 cm. of lead. 

The penetrating power t»f tlie rays is roughly in the order 1,100 
ancl.10,000 for the a-, and y-rays. 

Radioactivity is an atomic phenomenon, i.c., it is the cliaracteri&tic of the atom 
of the element undergoing the change, irrc.spcciive of its state of combination or 
past history. Radioactive chaii.^o is unaifected by temperature, pressure, etc. New 
elements arc produced in a radioactive change. 

When nitrogen gas is bombarded with swift a-particles, the former is transformed 
into oxygen with release of protons : 

-f jlle* (alpha-particle) ^ ,^0^’ -f (proton). 

where the subscripts arc atomic numbers and the superscripts arc the atomic masses. 

This is an example of artificial transmutation of elements, first brought 
about by K. Rutherford in 1919. This experiment inlcr alia also proves that the nuclei 
of atoms contain protons. 

Artificial radioactivity was discovered by Irene Curie, the daughter of the 
discoverers of radium, and her husband F. Juliot in 1932, while studying the effect 
of fast a-part:clcs on boron, aluminium and magnesium— they noted that positrons 
were emitted, in addition to neutrons. The bombarded elements were transformed 
into new elements with emission of neutrons. The new elements so produced 
disintegrated like radio-active elements, although positrons w'erc emitted instead of 
a- or jS-particIes. • 

Magnesium, for example, was transfornlbd into radio-silicon, which in its turn 
disintegrated into a stable isotope of aluminitim with emission of posilroiw : 

laMg** -h sHc* = „Si27 -f (neutron) 

,481-’ — igAl®’ -f- /3+ (positron) • 

This result is a conclusive evidence of artificial transmutation of Stoms first noted by 
E. Rutherford in 1919. 

Most artificial radioelements decay with emission of electrons or positrons. 

Exercises 

1. Make a short note on the structure of atom. 

2. Explain the terms : electron, neutron, atomic number and co-valency. The 

nucleus of an atom of an clement consists of 12 neutrons and 11 protons. W'hat 
is the atomic weight and clcctrovalcncy of the element ? Give the electronic structure 
of : (i) helium atom, (ii) carbon atom. 

3. Explain clearly the terms ; clcctrovalcncy, covalcncy anq co-ordinate 

covalency. How would you explain, on the b^s of electronic iheojry of valency 
the formation of the following molecules : (i) LiF, (ii) Fg, (iii) aqd (iv) GH4 ? 

11 



XVI 

THE PERIODIC CLASSIFICATION OF ELEMENTS 


Evolution of Periodic Lnw. — ^There have been many attempts to classify 
elements acegrHing to their similarities — they have been broadly classified, for example, 

into metals and non-metals, but 



Fig. 55 

Mcndclccfr{ 1834- 1907) 


their distinction is not always very 
sharp. The most satisfactory system of 
classification of elements is based on 
their atomic weights. 

As early as 1817, Dobereiner 
noticed that the atomic weights of 
chemically related elements vary in 
a regular manner, — viz., in a set 
of three such elements the atomic 
weight of the middle elements is 
approximately the arithmetic mean 
of those of the extreme elements ; 
thus, taking the modern atomic weights, 
wc have : 


35.5 

Ca 

40 

S 

32 

80 

Sr 

88 

Se 

79 

127 

Ba 

137 

Tc 

128 

known as 

the 

law < 

»f triads. 


In 1862 de Chancourtois arranged 
the elements in the order of their 
increasing atomic weights in a 
spiral around a cylinder divided into 
several vertical strips and noticed 
that similar elements fell on the 
same vertical of de Chanfwrtois 
helix. 


But serious attempts were made to discover relations between the properties 
of various elements and their atomic weights only after a sound system of atomic 
weights had been work^ out by Cannizzaro in 1857. 

In the year 1864 Ncwlands actually attempted a classification of elements on 
the basis of their atomic weights and stated that if the elements are arranged inHhe order 
of their in^emng atomic Heights, the eighth element from a given one is a kind of repetition of 
the first, like the eighth ne>te in an octave of music. This is referred to as the law of octaves* 
fiis observation wa? but very coolly received. 

But nevertheless, the ideas of de Chancourtois and Ncwlands contained the germ 
of the Periodic Law. 

The Periodic law. — Fifom the consideration of chemical 
properties, the great Russian chemist Dimitri Mcndelccff enunciated 
the principle of periodic classification of elements in the year 1869 . 

McndeleelT observed that *Hhere must be some bond of union between mass 
and chemical elements ; and as the mass of a substance is ultimately expressed in 
the atom, a functional dependence should exist and be discoverable between individual 
properties of elements and tbeir atomic weights*’ and he found that **if the elements 
an arranged in the order of their increasing atomic weights, their properties vary th a ngjudm 
mofutcr fimn d member to member qf the series, but return mere or less to the same value at eertain 
fixed points in the series^* i.#., the eUmerUs show periodkity in properties or in short : 
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The physical and chemical properties of elements are periodic Junctions 
cj their atomic weights. This is known as the periiMlic law of 
elements. 

Similar generalisation was arrived at independently by the German chemist 
ijothar Meyer in the same year from his obs^ations on the physical properties 
of elements. 

The Periodic table. — On the basis of the periodic law MendeleefT 
arranged the elements in a table f called the periodic table]^ which is a 
list of the elements in the order of ascending atomic weight — the table 
was prepared by cutting the list of the elements into successive 
horizontal rows (called periods) in such a way that similar elements 
come under the same vertical columns (called groups). A modern 
version of Mcndeleef’s periodic table consists of 9 groups, number 
1 tc) VllI and 0 (zero), and seven periods containini? 102 elements. 

Kxcept the first period which begins with hydrogen, each period 
begins with an alkali metal, and ends with an inert gas. Passing 
i hough the table we have in succession : 


riod 

Number of elements 

Elements 

1 

2 * 

H and He 

2 (first short period i 

8 

Li to Nc 

3 (second short period) 

8 

Na to A 

4 (first long period 

16 

• K to Kr 

.*) (second long period) 

18 

Rb to Xe 

fi (first very long period) 

32 

Gs to Rn 

7 (second very long period) 

16 

Fr to No 


'1 he lust period contains 2 elements ; each of the second and third 
periods contains 8 elements. The properties of elements of the second 
period arc more or less reproduced in the elements of the third period : 

Period 2 Li Be B C N O F Nc 

Period 3 Na Mg Al Si P S Cl A 

'rhu5, lithium and sodium are alkali metals which decompose cold water ; fluorine 
and chlorine arc halogens which readily unite with metals to*yieId salts, and so on. 

loVery ninth clement, therefore, starting from a given element, is 
a kinil of repetition of the first. The elements ofjhe first and second 
sho)t periods arc referred to as typical elements.^ 

I'hc fourth and fifth periods of 18 elements each arc divided into 
even and odd scries according as the elements 6ccur in series of even 
(e.g. K) or odd (c.g. Cu) number, starting with hydi'ogen. 

After argon 18 elements are passed over before the next inert gas 
krypton is reached — the periodic rccunrcncc of properties begin only 
after 18 elements, e.g., potassium is analogous to rubidium ; bromine 
is analogous to iodine. This is due to the inter^position of 10 elements, 
called the transitioii elements, scandium (21) to zinc (30), which 
l>car little or no analogy with the typical elements. The remaining 
B elements, e.g., K, Ga, and Ga to Kr^bear a close analogy to the 
typical elements of short periods. 
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The first long period is followed after krypton by a second lon.g 
period where an identical sequence is met with — the 10 clerrcnts 
yttrium (39) to cadmium (48) form the second scries of transition 
elements. The remaining 8 elements, c.g., Rb, Sr, and Tn to Xc aie 
analogous to the members of the short peiiocis. 

The 6th (first very lon^^ period) period contains 32 dements : C‘s, 
Ba, the elements of the rave earths, etc., and Rn. As in the If'iig 
periods, there are 8 elements : Cs, Ba, and T1 to Rn \vhich arc cloudy 
related to ^he typical elements. Of the remaining 21 dcrnculs, 
14 elements cerium (58) to lutecium ( 71 )~ ^tre so rcmaikablv 
similar to one another that they arc placed in the same position in 
the periodic table ; they ate known as rare earth element!?, also 
called lanthanides. TJie remaining 10 demcnls, e.g., lantliannm 
(57), and hafnium (72) to mercury (80) form ihc third series of 
transition elements. 

An identical sequence of the 6lh period recurs in llic ineomplelc 
second very long period in which the actinide series begins after 
r actinium and abruptly ends with nolx'liurn. 'Ihc den cuts- 
neptunium to nobclium are known as transuranic elements, » as 
they are placed beyond uranium in the periotic table. 

The position of transition dements^ lanthanides and actinides, is clo.nriy sliown in 
the Long Periodic Table. 

Groups and«sub-groups of elements.- Due lo the intei prsitit'n 
of the transition elements, the members of the long periods ha\c been 
divided into the sub-groups a and ^— elements occuving in the first 
part of a long period are called sub-group a. those in the second patt 
sub-group b. The typical elements resemble the sub-grou]‘ which 
does not contain the transition elements -the transition dements 
constituting the h sub-grotip in groups I and TI, and the a sub-group 
in groups. III, IV, V, VI and VII. Each of the groups T to VII 
consists of tw'o typical elements and two sub-groups of the long 
periods. Near the end of the table in group I the typical elements 
and the sub-group la are closely related and are railed the alkali 
metals— the coinage metals of sub-group Ib do not resemble the 
alkali metals : while in group VII the typical elements and the 
sub-group Vllb form the family of halogens — manganese of sub-group 
Vila being quite different from the halogens. Tn the middle of the 
table, especially jn group IV, the two sub-gronps arc about ecjually 
related to the typical elements. The inert gases occupy the 7 evo 
group in the table, while the group VIII is a compact body of nine 
metals of the tiansilion series. 

Periodicity in properties. — ^There is a rcgulai gradation of 

properties of elements in the same period, as also in the same group 

the properties of an element arc, as a rule, intermediate betw een those 
of the contiguous elements in the tabic and are, therefore, dependent 
upon its position in the table, and hence upon its atomic weight, i.c.* 
the magnitude of the atomic weight determines the character of an r/ewW/. ' 

Periodicity of physical properties.— The physical properties 
ef elements show the same periodicity as their chemical properties. 



Lotig pcrjocJic lablc Tlu' Kt»ln ni-blo 


PKKIULIIU ww vri.' 



♦•Actinides Th Pa U Np Pa Am Cm Bk Cf E Fm Mv No 
90 91 92 -93 94- 95 96 97 98 99 100 101 102 

Elements 93 to 102, viz., neptunium, plutonium, americium, curium, berkelium, californium, einsteinium, fcrmiuttl, 
mcndclcvium and nobcliuni are known as transuranic elements. 











Modem version of MendeleeTs Periodic Tnble 
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This can be shown ^aphically by a plot of physical properties against 
atomic weights, as illustrated in the atomic volume curve. 

Atomic volume* — Atomic volume is the volume in c.c. occupied 
by 1 gram atom of the element and is obtained by dividing the atomic 
weight of the element by its density. 



Fig. 56 • 

Atomic volume ~ atomic weight *- density. 

Lothar Meyer observed that the atomic volumes of elements showed 
periodicity w'hcn plotted against atomic weight s -^the members of 
each period appearing in successive positions, while the elements of 
each group occupying similar positions in the atomic volume curve. 
The curve (fig. 56) shows a series of waves in w^hich the short and 
long periods are clearly shown, with the light alkali metals at the 
crests and the heavy transition elements in the troughs of the waves. 

The electronegative elements, i.c., mainly non-metals, occur on 
the ascending part of the cuivc ; the electropositive elements on the 
descending parts. 

McndHccfT ol>sei-v<xi that the reactive elements such as alkali metals and halogens 
have high atomic voIumf.s. whereas elements which have low atomic volume's, Co, 
Ni, Ir, Pt, etc., are nut very reactive. , 

The atomic volumes curve shows also pejriodicity in many other physical properties 
of elements, such as cocllicient of expansion, melting and boiling points, hardness and 
malleability, conductivity for heat and electricity, and so on. * 

Periodicity of Valency. — The periodic table is above all a 
valency classification, and as MendelecfF pointed* out the group 
number of an element is identified with its Jiighest oxygen-valency 
(i.e., the highest valency exhibited in its typical oxide) ' -in group VIII the 
highest valency is met with only in OsO^ and RUO 4 . Ihe oxygen 
valency gradually increases in steps fiom the left, and the hydrogen 
valency in steps from the right, as the following illustration indicates : 

Group I II in IV V VI VII 

Oxide NajO Mg(^ AI^O, SiO.. PjO, SO* CljO, 

Hydride SiH 4 PHj H^S HCl 

The metals on the left exhibit no hydrogen valency, but in all 
cases when both the valencies appear, ^heir sum is always equal to 
eight. 
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Ele^ro-chemlcal character* — Periodic relationship. — Each 
period begins with an alkali metal which is the most electro-positive 
of the elements in group I and ends with a halogen which is the most 
electro-negative in group VII. In passing along a period from 
gioup I to group VII the elements display a gradual decrease of 
clectio-positivc (metallic) character followed by an inciease of electro- 
negative (non-metallic) character— coming at group IV the members 
show ver^ feeble electro-chemical character, but at group V the 
clcctio-positivc character changes complclcly into electro-negative 
gradually increases until it becomes n maximum in group VII. 
This IS clearly exhibited by oxides of the third pciiod : 

NagO A1,C\ SiO, p.Q- SO, CUO^ 

slronp[ly Ijiisic riTiiphotcric wcaklv aridic siidiiL.Iv very 

acidic aciilic stroni^ly acidic 

Acidit\ ot oxides increases Irom left to rigiit ; in groups T and II 
oxides are strongly basic, in group HI the oxide sliows both ]jropcrties ; 
vNlnlst in groups IV, V , VI and VH the oxides show increasing acidity*. 
In othei \ujrds, deihopoiifiic elcmaih give baui oxides and (Uclro-ne^ative 
eiemenh acidic oxides. • 

Group relationship. — 1 he clcclro-|x\siiivcnci?.s, i.c., metallic 
chaiactci ol elements gradually in<^rcascs with inc teasing atomic 
weights in each group. In the lif'th group, for example, metallic 
propel tics are progressively developed nitrogen and phosphorus are 
typical non-metals, arsenic a non-metal with sc>mc metallic properties, 
antimony a metal with some non-metallic character and bismuth a 
typical rnctal ; the gradation is also exhibited in their oxides — NoO, 
and PoOg are distinctly acidic, As^Og mainly acidic with a feeble 
basic character, SboOg amplioleric, Bi.Og prcdominatly basic. 

*•*'''* a resembles the second 

^ Stroup, 1 his is rciciitd to as cliajronal relationship. Thus, 

and boron and silicon. ' inai;ncNiun., b- ryllium and aluminium, 

is renheed Vv r. laiionshi|. of tl.c typical elements 
Mn Fr/v, v/ r t n, ibc iransiiion seiic.s. Thus, the metals Cr, 

in r Jo n ’ af*’ members of tUe first transition sciies, bear a 'lose analoev 

all of theirTevli'h'i s'>bds with high density and low atomic volume ; 

all ol then exhibit variable valencv and give coloured ions. 

JJf " ‘aWe. ( i) The systematic classification 

of chemically Velated elements in the same groan,- members 
he same group haying similar properties and giving rise to 

hXoenJ structures and properties ; c.g., alkali metals, 

halogens, alkaline ea.ih metals, and so on. 

Ill) Corrertion of doubtful atomic weights.- Since the 
inagni ude ol the atomic weight of an element fixes its position in (he 

^ doubtful atomic 
F« 'm iR 5 '• J *''’""’dcdgc of those of adjacent elements. 

bhStnf and'henre was taken to be 

groun for J. ® J space in the table in 

g Clip .II for an clement with the atomic w-eight 76. Mendelecff 
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asserted that indium is tervalcnt and its atomic weight = 38 x 3 = 114 
— the element then filling a vacant space in the tabic in group III 
between cadmium and tin. 

Beryllium was regarded as tervalcnt owing to its striking similarities with 
ahiniinium ; but it could only be placed in group II. The atomic weight was, 
ihereforc, conected from 4.r)x3 ■— 13.5 to 4.5x2 =9, 4.5 being the equivalent of 
l)erylliuiii. 

Subsccjucnt work has generally confirmed llic changes so boldly 
advocated by the Russian chemist. 

liii) Prediction of missing elements. —Tii order that 
clicniiciil iinalosrics might be preserved McndclefiT in framing the 
table left many blank spaces for the missing elements and predicted 
the dis overy of yet unknown elements to fill up these gaps. He 
evc!i vrn Hired to predict their atomic weights and properties from 
those ()i‘ the contiguous elements in the tabic. His anticipations were 
fulfilled with remarkable accuracy in his life time by llic discovery 
of the elements scandium^ gallium znd germanium which he called eka-boroii;. 
eka-ahiniinium and eka-silicon respectively (Sanskrit cka --one). 

The pivdieted and observofl properties of germanium arc as follows : 



Proper tiis 

j Eka-silicon j 

predicted in 1H7 1 

! 

Germanium 
discovered in I88b 

(i; 

Atomic weight 

^ 72 

72.0 

di) 

Density 

i 5.3 

5.47 

(iii) 

Atomic volume 

1 13 

13.2 

pv) 

C oiour 

* Dirtv grey 

Greyish-white 

iv* 

IgiM'.ion produci's 

! EsOa» white powder ! 

GeO-, white powder 

ivi) 

At lion on \%atcr 

' Will decompose steam 
! with difliculty • 

Docs not decompo.se water 

(sn) 

EftVcl of acids 

j Slight 

HCl has no effect ; soluble 
in aqua regia 


Klfert of alkali 

More pronounced than in 
acids 

Aqueous KOH has no 
action : burns brillianly 
in molten KOH 

px) 

Element produced by 

Reduction of EsO., or 
KjEsFfl by Na 

Reduction of GeOa by C 
or KjOeFa by Na 

(x) 

Pi operties of oxi< les 

Refractory, density 4.7 ; > 
hrss basic than TiO . or 
SnOj,, but more basic . 
i than SiOj 

Refractory ; tiensity 4.703 ; 
feebly basic : forms 

yermanalc> 

» 

(xi) 

Properties of chloride 

1 Liquid, boiling below . 

Liquid, boiing at 86.5'^ ; 


1 100’, density 1.9 at O' •' 

density 1.887 at 18' 

(xii; 

Pn.U' t tics of duoridc | 

EsF 4 will not be a liquid 

j 

GeF,.3H..O is a white 


1 

crystalline solid. 


'I he rt semblance is highly convincing to show the usefulness of periodic table'. 

1 Itc gaps corresponding with the elements technetium 43, promethium 
bl, rhenium 75, polonium 84, astatim 85, diwA francium 87 have been 
iillcd up, partly with information supplied by the periodic tabic. 

The discovery of the inert gases w'crc not, however, predicted by the tabic, and 
as a matter of fact, Mendeleeff’s table had no provision for the zero group clcmeni.s. 
When the inert gases were discovered towards the end of the 19h century, they 
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placed in an additional zero group where they bridge the gap between tlie most 
:o-po8itive alkali metals of group I and the most clectro-negadve halogens of 
? VII. 

[iv) 'rhc periodic table is of great service in the understanding of 
structure of the atom. 

EMflBculties in the periodic table.~The table was not free 
a its defects and apparent contradictions. 

(i) The inverted positions of 4 pail's of misfit elements^ namely, 
m (39.944) and potassium (39.100), cohalt (58.94) and nickel (58.69), 
irium f 127.61) and iodine (126.91)^ thorium (232.12) and proto- 
nium (231), where the heavier elements have been placed before . 
; lighter elements on grounds of chemical analogies. 

(ii) The transitional elements occupy an anomalous position ; due 
their interposition elements with little analogy have often been 
iced together, e.g., the alkali metals which show no similarity with 
t coinage metals have been put together in group I ; managanese is 
it with the halogens in group VII, though they have but very little 
3 il analogy. Sometimes chemical analogy has been overlooked ; 
us copper and meigcury, though similar in many properties, have 
cn placed in different groups ; so also is the case w^ith boron and 
icon. 

fiii) Suitable positions for hydrogen and the rare earths and the 
.tinides are wait ting in the table. Mendeleeff’s table also fails 
- fix up the exact number of elements in the raie earth scries. 

Classification based on atomic numbers. — ^The periodic 
assification of elements based on atomic weights gives rise to the 
bove defects, since the atomic weight is not a constant property 
f an element -the discovery of isotopes ( i.c., atoms of the same element 
aving different atomic weights but the same chemical properties) 
efinitely establishing that there may be different atomic weights of 
he same clement. 

The anomalies of the periodic classification find satisfactory 
xplanations if the elements are classified in the oidcr of their atomic 
lumbers — the atomic number is numerically equal to the number of 
mit positive charge in the nuclcuS of the atom of an element. I'hc 
periodic Ihw may, therefore, be restated as 

^^the properties elements are periodic functions of their atomic 
numbers y • 

The modern classification based on atomic number has the 
following advantages : * 

(i) Each element occupies a place in the table in a seric.s of intcgcis 
from one to one hundred and Iw'c — the atomic number of the lightest 
element hydrogen is one and that of nobelium 102. 

The possibility of discovery of new elements is, however, by no means exliaust«!, 
since the second very long period is incomplete. 

(ii) It gives the underlying rca.son for the correct position of argon, 
cobalt, tellurium and thorium — their atomic number being one les.s 
than those of potassium, nickjl, iodine and protoactinium rjcspcctivclv. 

(lii) It fixes the exact number of rare earth metals to be 14, from 
cerium (58) to lutecium (71), both inclusive. 



PosIdM •i liydro|;Mi la the The lightest clement hydrojgen (at. wt. 

1.008) has the atomic number one, and hence it must precede helium (atomic 
number 2) in the periodic table, as shown in the first period; Now, since it 
resembles both the idkali metab of group I and the halogens of group Vll^^it may 
be placed in eidier groups. 


Properties of hydrogen compared with alkali metab and halogens : 


Alkdi metals 

Hydrogen 

Halogens 

(i) Solid, vapour usually 
monatomic 
, (ii) Metal 

(iii) Forms alloys with 
metab. 

(iv) Forms stable oxides ; j 

/ \ N^O. 

(y) Reduang agent 
(vi) Strongly electroposi- 
tive, forming stable 
rations, 

Na**", K'*’, etc. 

• 

Diatomic gas 

Non-metal 

Forms salt4ike hydrides, 
e.g., LiH and CaHf 
Forms stable oxides, e.g., ; 
H,0 

Reducing agent 

Feebly electropositive ; 
H*^ only found in vacuo. 

Feebly electronegative ; 
H*" found in Li+ H“ | 

Gas, liquid or volatile solid ; 

vapour diatomic 
Non-metal 

Forms salts with metab 

Forms unstable oxides, e.g., 

ci,o 

Oxidising agent 

Strongly electronegative, 
forming stable, anions, 
F“, Cl“, etc. 

• 

Besides, 


(vii) Hydrogen forms hydrocarbons in which halogens can replace hydrogen, 
atom for atom, without any change of type, e.g., CH4, CHsCI, GHgCIs, CHC1| and 
CiCli* 

(yiii) Fused lithium hydride, LiH, on elcctrolysb liberates ‘hydrogen at anode, 
showing that it may be electronegative like halogens. 

(ix) Electrolysis of addulatra water liberates hydrogen at cathode — hydrogen 
is, therefore electropositive like alkali-mctab. 

Considering the points i, ii, iii, and vii and viii hydrogen as a univalent element 
can be placed in group VII with halogens, but the first period might then contain 
unknown elements of atomic weights less than 1. Points iv, v and ix and the fact 
that hydrogen forms ai^loy with palladium suggest that hydrogen can be placed in 
group 1 with alkali md^s ; there would then be 6 gaps in the first period with atomic 
weights between I and 4. It b, however, placed at the head of group I, because it 
is generally electropositive. 

Though a reducing agent and generally electropositive, it is never a metal like 
alkali metals ; and though a non-metal and sometimes electronegative, it b never 
an oxidising agent like halogens. Its structure explains its dual character — the 
hydrogen atom consists of 1 proton and a jungle planetary electron. Like the alkali 
metal it may lose an electron and become a positive ion : 

H = H** + e compare Na = Na+ + c • 

It may gain an electron to assume the electronic configiyation of helium, and 
may form a negative ion, like the halqaens : 

H + e = H" compare Cl -f- e = Q" 

Li + H «•- Li+H" compare Li + Cl ~ Li+Cl“ 

Hydrogen b thus an unique element — it has no analogues. 

Exercises 

1. Give a bri^ account of the periodic classification of elements. Discuss its 
merits and demerits. Show that the chemical piopcrtics of magnesium and zinc 
justify their position in the same group in the periodic table. 

Calcutta, 1958 

2. Write a short account of the periodic classification of elements. Mention 

the advantages and anomalies of this classification. £/. P. Board 1943 

3. V^at is meant by Periodic law ? Briefiy dbcuss the main features of periodic 
classification of elements and discuss the inf!ueni» of the concept of atomic number 
upon it. 
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OXYGEN^ HYDROGEN AND WATER 
Oxygen 

Symbol C). Formula Og. Atomic number 8. Atomic weight IG by .definilion. 
M. Pt.--218'C. B. Pt.— 183 Density, 1 litre at N.T.P. weighs 1.429 giams. 

Solubility, 1, litre of x^aicr at 0 C dissolves 48.9 c.c. of oxygen at 1 atmosphere. 

History.— Oxygen wa^ indi pendcmly discovered by Schecio .^nd Pristley in 
the year 1774. Scheele olitanied the gas by he-ating various substances, namely, 
.• Jiiixlure oF nitre and <nl oi'vitiiol, rr<l oxide of mercury, etc. ; while Pristley prepared 
It by heating the latU'i substance by (ociissing sun's rays thereon by means of a convex 
lens. Rut its iniiH>rtanee in cornbiisiion and respiration was first clearly recognised 
by Lavoisier who also gave it the name oxygen. 

Occurrence. Oxygon is by far the most abundant of the elements. It occuis 
free in the auno^[)»iere of which it forms about 21% by volume or 23'^;o l)y weight. 
In the combmeil slate it occurs in uuiter. in nearly all rocks^ in plants and in animaU. It 
forms about 88.8^’u of water by weight or 3GVo of ike ocean, and nearly 50^Io ol' the. 
earth’s crust. 

Laboratory preparation.— In the laboratory oxygen is usyally 
prepared by hcating*a mixture of 5 parts of potassium chlorate, KC1C\, 
with I part of manganese dioxide, MnOo. The mixture is taken 
in a hard glass test tuljc fitted with a cork through which passes a 
tlelivery tube tlic further end of wliich dips under water in a pneumatic 
trough. 7 he test tube is clamped in a horizontal position with its 
cork-end inclined slightly downwards, fig. 56a. 



The potassium clilorato alone decomposes on healing inm 
potassium chloride and oxygen ; the manganese dioxide acts as .. 
catalyst (p. !45). 7 he liberated oxyircn gas is collected by the dispina- 
merit of water as follows : A gas jar completely filled with water and 
dosed with a greased cover glass, is inverted over water, in the trough ; 
wWIc under w'ater, the cover glass, is removed and the gas jar is placed 
on the shelf of the trough scf that the delivery tube reaches the mouth 
of the jar through an opening in the shelf. Oxygen collects in the 




by the displacement of water. When the jar is full of the gas, 
its mouth IS closed with a cover glass, while still under water, and it 
is then removed from the trough. Several jars of oxygen are similarly 
collected. 

2KCIO3 (potassium chlorate) ~ 2KC1 (potassium chloi itlc-’i -f 


Manganese dioxide adulterated with powdered coal or antimony sulphide explodes 
violently when healed with pota.ssium chlorate. Hence a little of the mixture should 
be always heated before starting the experiment to make suie that no dellagrallon 
occurs. ^ 

When healed alone, potassium chlorate melts and rapidly gives off oxygen at 
370* to 380' C — two reactions however taking place : 2KCIO3 =- 2KG1 SOg. 

4KCIO3 --- 3KCIO4 (potassium perchlorate) -f KCl. 

Above 400*0 the perchlorate also decomposes, liberating oxygen. 

KCIO4 -= KCl + 20g. 

In presence of a little manganese dioxide potassium chlorate decomposes at less 
than 240''C. The manganese dioxide can be recovered unchanged in mass and 
composition at the end of the reaction, and henn* acts merely as a catalyst, i.e., it 
has simply helped the dec'oniposilion of potassium chlorate, but it has not undergone 
any permanent chemical change. 

* 4 

^fanganese dioxide simfdy accelerates the decomposition of pota^num chlorate. 

This can he illusiraled in a simple way. Two hard glasi test tubes, one containing 
potassium chlorate alone, and another a mixture of maneanesc* dioxide and potas.sium 
chlorate in the proportion of about 1 : 4, are embedded in sand in a sand-tray and 
heated. It will bt; seen that oxvgen is evolved first from the tube containing the 
mixture. * 

f 

Manganese dioxide remains unaltered in weight ami properties when it aeh as a catalyst 
in the decompouLion of potassium dilorate. 

.\bout 1 gni. of manganese dioxide is put in a lared porcelain crucible containing 
about 4 gm. of potassium chlorate, and weighed again---the difference gives the 
weight of manganesi' dioxide. The crucible is then carefully heated over a small 
flame on clay-pipe tri.angle until oxygen ceases to he <-volvcd. 

'The crucible is then cooled, and pul in a beaker of water, and boiled in order 
to separate from the crucible the residue of manganese dioxide and potassium chloride 
< formed from the decomposition of |K>tassium chlorate), which latter dissolves in the 
water. The crucible is then removtxl, and carefully washed into the beaker. 

'I’hc liquid is then filtered, taking care that all the manganese dioxide is transferred 
ffuantitatirely to the filtiT pai>cr. The residue is wadied several times with di-stillcd 
water, dried in an air-oven, and weighed ; the weight w'll be found to be the same 
as before. • 

The filtrate gives a curdy white precipitate of silver chloride, when Treated with 
a solution of silver nitrate -the prrritnfatc is insoluble in lytric acid, but soluble 
in ammonium hydroxide ; consequently the residue left after the oxygen is set free 
from potassium chlorate is a chloride. * 

AgNOj 4* KCl = AgCl (white precipilatp) -f KNO3. 

The residue of manganese dioxide has not undergone any chemical change. 

It may be used over again to act as a catalyst. 

Physical properties. — (i) Oxvgen is a colourless, tasteless, and 
odourless gas which may be condensed to a pale blue liquid and 
frozen to a blue solid. Liquid and solid oxygen arc strongly 
magnetic. • ^ 

(ii) Oxygen is slightly soluble in water ; and hence the aquatift 
animals can live. Oxygjm is, however, more soluble than nitroged m 
“water. 




Caiemical j^ro^rdev. — ^Oxygen b a very active element and 
readily combines with many elements (both metab and non-metals) 
»nd compounds, slowly at ordinary temperature and vigorously when 
lieated evolving heat and light. 

'Combination of substances with oxygen^ with evolution of heat and lights 
s knowftas combustion. 

(i) Oxygen is a supporter of combustion but not combustible. 
Dxygen supports lespiration and is essential to the life of plants and 
inimals. 

A glowing chip of wood is introduced into a jar of oxygen ; it is immediately 
ekindUd but the gas docs not burn. 

(ii) Combustion of non-metals in oxygen. — Some non-metals 
juch as carbon, sulphur, and phosphorus, burn in oxygen to form 
jcidic oxides^ i.c., oxides which dissolve in water to form acids. 

(a) A piece of glowing charcoal taken in a deflagrating spoon is 
ntroduced into a jar of oxygen, the charcoal biuns brilliantly, 
producing carbon dioxide. The contents of the jar arc then shaken 
vith water ; to a portion of the solution is added a few drbj?s of bjue 
itmus solution, it tarns wine-red. The gas formed is.^ereforc, 
i weak acid. Clear lime water is added to the other portion^ it turns 
nilky owing to the formation of white insoluble calcium carbonate : 

C + O, = 09* ; CO2 + H2O = HgCOs (carbonic acid) 

Ca(OH)2 (lime water) +CO2 = CaCOs (calcium carbonate) -fHaO 

(b) Feebly burning sulphur, and phosphorus are similarly 
ntroduced into separate jars of oxygen ; sulphur burns with a bright 
iluish flame, producing sulphur dioxide, and phosphorus bums 

dth a brilliant white flame, forming dense white cloud of 
phosphorus pcntioxidc. When shaken with water the products of 
ombustion produce acids which turn blue litmus red. 

S+O2 == SOj ; SO2+H2O = H2SO3 (sulphurous acid). 

4P-f 50^ = 2Pa05; P805+H20=2HP03 (metaphosphoric acid). 

HPO3+H2O = H8PO4 (orthophosphoric acid). 

(ii) Combastioii of Metals in Oxygen. — Some metalai when heated burn, in 
tygen fo gwe oxides. I’hesc are mostly basic oxides, i.e., oxides which react witJi 
:ids to form salt and water. 

(a) Small pieces of sodium and potassium are heated in deflagrating spoons 
itil they begin to burn, and then introduced into jars of oxygen, they continue 
xrning with bright yellow and violet fishes respectively forming ^oxidee matnJy, 
bich may be dissolved in dbvater producing strongly alkaline solutions which turn 
d litmus blue ; 

2Na -f. Oj = Na^Oy (soudim peroxide). 

2Na,0, -f 2H,0 «=» 4NaOH (sodium hydroxide) + Oy. 

2K + 20t » KyOy (potassium tetroxide). 

SKyOy d- 2H,0 » 4KOH (potassium h^roksde) 4 - SOy. 

(b) Burning magnesium ribbon, , inserted into a to of oxygen, bums with .a 

inding vdiite light, producing white solid nuigneriunnoxide:' A piece of ittMa wtm 
qped with burning sulphur and inserted in a jar of oxygen burns briUiaotly,ihrowtiig 
r a shower of wmte-bot partidei of ferroso-ferric oxme. * 

Zidg 4 Oy n 2 i[fi[gO (magnessuto oadde). 

* 8 Fe 4* 20t ** (lerroso'^l^snie oxide). 


(iv) At ordUnary temi»enitare.-Oxygen combines iairly rapidly 
the foUowing reagents in the cold : 

(a) Moist white phosphorus reacts with oxygen to yield phosphorus 
pentoxide — the reaction is used for removing traces of oxygen from 
inert gases such as nitrogen. Iron rusts in moist air, foiming hydrated 
ferric oxide. 

(b) A solution of potassium pyrogallate in caustic potash abaorbs 
oxygen and turns black — the reaction is used in gas analysis. 

" (c) Nitric oxide combines with oxygen forming browii fumes of 
nitrogen peroxide — the reaction is used as a test for oxygen, 

(rl) Oxygen can also oxidise sulphurous acid, ferrous and stannous salts in the 
cold, as shown by the equations : 

2HtSOg (sulphurous acid) -)- Og — 2HgS04 (sulphuric acid)> 

4 FcS 04 (ferrous sulphate) + 2HgS04 + Og - 2Fc*(S04). 4- 2HjO. 

2SnCla (stannous chloride) + 4HC1 -f O, — 2SnCl4 -f 2HgO. 

(e) Colourless solution of cuprous chloride in concentrated hydrochloric acid 
turns green on exposure to air due to formation of cupric chloride ; ammonkcal 
solution of cuprous chloride, however, turns blue in air. 

4CuCl 4 4HC1 4 0* = 4GuGl* 4 2H*0. ^ 

'feats. -44 Oxygen rekindles a glowing chip of wood. • ^ 

(ii) Oxygen forms reddish brown fumes of nitrogen peroxide with nitric 
oxide : 2NO 4 0* = 2NO*. 

Absorbents* — Oxygen is absorbed by : (i) a solution of potasdnm pyrogaBate 
in caustic potash ; (ii) an acid solution of chromous chloride ; » 

4CrCl* 4 4HG1 4 0, = 4CrCl* 4 2H,0. 

Uses* — Oxygen is used (i) as an aid to respiration to patients sufiering from 
breathing difficulties as in pneumonia and carbon monoxide poisoning ; in high 
altitude aviation ; in submarines ; tunnels, and mountaineering, etc. 



Fig, 57 

(ii) in producing oxy-hydrogen and oxy-acetyicne flames* much used for cutting 
and welding metals. An oxy-hydrogen blowfipe (fig. 57) consists of two concentric tubes 
ending in jets ; oxygen gas is passed through the inner tube and hydrogim throqgfa 
ihc outer, — the mixture when lightcci at the jet produces an intensely hot, pointed 
flame (temperature about’ 2800”C) wliich readily melts platihum. 

If the oxy-hydrogen flame impinges on a pencil of quick lime^and intensely white 
light, called lime light is emitted by the incandescent lime. ^ In the oxjHtcetyleae blaup^, 
acetylene gas takes the place of hydrogen ; a hotter flame, 3100®— 331 5®C, suitam 
for welding and cutting metals such as iron and steel, is obtained. 

Liquid oxyggi soaked in powdered charcoal has been used as an explosive. 

1?' 0«ide» .-L t» oxide is a corne d of two el emmtsojne of wh ich is 
’'fheffinoo me classiU^ed as touows y ' - — 

BmIc ydd— a* basic oxide oxide which reacts with 
an acitTlo yidd a salt and water only : 

MgO (masmesium oxidfe) + 2HCI »MgCl, + H,0. 

CuO + *w GiSOj (copper su^thate) + 
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Basic oxides arc oxides of mctab. If soluble 4 n . wat^' they 
produce hydroxides which are also basic. Oxides of a}kali metals 
(sodium, potassium, etc.) and alkaline earths (calcium, barium, etc.) 
dissolve in water forming soluble hydroxides (called alkalis) which turn 
red litmus blife. , 


Na20 + HjO =- 2 NaOH (sodium hydroxide). 

CaO + HaO = Ca(OH)2 f calcium hydroxide). 

J^aOH + H2S04=Na«S04 (sodium sulphate) 

, Ca(OH)2 + 2 HG 1 == CaClg (calcium chloride) + 2H2O. 

«i^y/^ii) ^5tidgs> — An acidic oxide is an oxide which reacts with 

a base to yield a salt. Carbon dioxide reacts with sodium hydroxide ^ 
yielding sodium carbonate : 

CO^ + 2 NaOH = jNaaCOg (sodium carbonate) -f HgO. 

Sulphur dioxide yields sodium sulphite on treatment with caustic 
soda : SO2 + 2 NaOH = NaoSOg (sodium sulphite) -h H2O. 

An acidic oxide, if soluble, combines with water to yield an acid, 
and it is, therefore, called an acid anhydride, 

PjQls + 3H2O ~ 2H3PO4 (phosphoric arid) ; SO., f HgO HaSO., 

An acidic oxide reacts with a basic oxide to yield a salt : 

CaCOa (calcium carbonate); Na20+S03===Na2S0.| 


Most of the oxides or non-metals (e.g.f GOo, SO2, 

^jdxidcs of Inetals (c.g., CrOj, Mn207 etc.) arc acidic, 
ftfy ^yij^tthoterlc oxides * —An amphoteric oxide is one which 
s-?a$;a weakly basic oxide towards a strong acid and a weakly acidic 
oxide to\vards a strong base, i.c., an amphoteric oxide, which is usually 
a metallic oxide, has both basic and acidic properties. 


%is\c oxide reacts with hydrochloric acid to form zinc chloride and water, and 
behave as basic oxide ; but with sodium hydroxide it reacts as an acidic oxid^; 
forming sodiuip zincate : O 

Basic action ; /nO -f 2HC1 ~ ZnCla + HgO. 't ) ^3 

Acidic action : ZnO -p 2NaOH = Na^ZiiO^ (stxlinm zincatc) + HjO. 
Alunfiinium oxide, AI 2 O 3 and stannous oxide, SnO, arc also amphoteric. 

Neutral <wdde s^ — The oxides which arc neither acidic nor 
m character are called neutfal oxides ; c.g., carbon monoxide, 
GQr^mitrous oxide, N2O ; and nitric oxide, NO. 

0 /w) Pcroxides lt — A peroxide of an clement contains more oxygen 
what is present in its highest typical acidic or basic oxide, A peroxide 
crif. a metal hydrogen peroxide ^ HgOg, on treatment with cold dilute 

acids : 


Na202 (sodium peroxide) + 2HC1 ^ HgOg + 2NaCl, 

Bap 2 (barium perpx^e) + = ^202 + BaSO^* 

A peroxide contains the oxygen c^in — O — O — , as in sodium 
Na — O O ~ 

oxides such as lead dioxide, PbO^ (usual basic oxide is BbO) and 
dleaide^'Mnps (taual basic oxide is AInO) whi^h contain morcf oxyget> 
itbn art not iqperoxidel, since they do not yte|d hyd^en 

dUute adds ; tbey^lsr^ described as They give oxygen 
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with hpt concentrated sulphuric acid, and chlorine with hot and strong hydrochloric 
acid i 

2 Mn 02 + 2 H 3 SO 4 ~ 2 MnS 04 (manganous sulphate) +. 2 H 2 O + Oa* 

Mp 02 + 4HG1 = MnCla (manganous diloridc) + 2HaO -h Clj. 

\J^) Mixed oxides* — A mixed oxide is formed by the combination 
of two simpler ^xidesT Thus ferroso-ferric oxide, Fe 304 , is a mixed 
oxide of the two basic oxides ferric oxide, FcgOs and ferrous oxide, 
FeO. It yields ferric and ferrous chlorides with hydrochlonc acid. ^ 

FejO^CFcaOa.FeO) + 8HC1 = 2FeCl3 -f FeCl^ + 4H2b. 

Oxides of non-metals are always acidic of neutral. Lower oxides of metals are either basic 
tfr amphoteric ; higher oxides of metals are often acidic ; e.g., CrO basic, GraO, amphoteric, 
and GrOa acidic. 

When an element yields more than one oxide, the oxides become more acidic gradually as 
the valency of the element increases, e.g., MnO strongly basic, MnaOa basic, MnO^ 
amphoteric, MnOg acidic, MiijO, strongly acidic. 

Industrial Preparation of Oxygen. — On a technical scale oxygen is obtained 
— (i) by the fractiond distillation of liquid air, and (ii) by the electrolysis ^ water. 

(i) Fractional Distillation « ^ 

of liquid Air.— Air is a mixture 
of nitrogen and oxygen mainly, 
of which the latter forms about 
21 per cent by volume. The 
two gases may be separated by 
the liquefaction and fractional 
distillation of air. Air is 
liquefied by subjecting it to high 
pressure and low temperature. 

Air is freed from water vapour 
and carbon dioxide by fused 
calcium chloride and slaked 
lime respectively, and then 
compress^ to 200 atmospheres. 

This heats the air, so it is cooled 
to ordinary temperature by 
running water. The comprcssc|d 
air is then pumped down a 
jacketted spiral tube (fig. 50) 
and allowed to expand suddenly 
through a nozzle into a chamber, p. 

where it is somewhat cooled by 

the free expansion (due to Joule-Thomson effect). This cooled air circulates through 
the jacket round the spiral lube, thereby cooling the succeeding stream of*incoming 
compressed air, and is sent back to the compressor — the 
processes of compression and expansion are repieated. The 
cooled gas becomes still cooler each ^ime as it suffers 
expansion till eventually the temperature of incoming air 
falls below the critical temperature f^hen it liquefies. Liquid 
air (boiling point — 190^G) is a mixture of liquid oxygen 
(b.p. —183®G), and liquid nitrogen (b. p. — 196®C). 
The liquid air is then fractionally distilled. On evaporating 
liquid air, the evolved vapour become richer *n more 
volatile nitrogen. The separation of nitrogen and oxygen 
is then effect^ by allowing the evoSved vapours to bulmle 
through liquid air (rich in oxygen) in a tall fractionating 
column. Nearly pure nitrogen (lower boiling poin^ 
leaves the top of the column. The oxygen, in the gas 
condenses and pure liquid oxygen coUccts at the bo^om of the adumn, which is then 
evaporated. ? - 

Liquid air and liquid oxygen may ^ kept in double^walled glass. Dewar 
flasks— 'there being a high vacuum between the two walls (fig* 59)t 

.12 ' ' 



V 



Fig. 59 
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A kettle of liquid air boils brisW when kept on a slab of ice. 

(ii) Electrolysis of vrater. — Some oxygen is made, together with hydrogen, by 
the electrolysis of water (see industrial preparation of hydre^en). 

Oxygen is stored and transported in steel cylinders, at pressure of 100 
atmosphere or so. 

Barium monoxide (‘baryta*) at dull red heat (500®C) absorbs oxygen from air, 
forming barium peroxide which latter at bright red-heat (800°C) or at reduced pressure 
gives off oxygen again. This was the principle of Brin's process which is now entirely 
obsolete. 

, 2BaO 4- O 2 % 2BaO,. 

Other reactions in which oxygen is liberated. — (i) Oxygen 
may be obtained very easily (a) by the action of water upon sodium 
peroxide 01 oxone as it is known technically. Sodium peroxide is taken 
in a conical flask fitted with a dropping funnel and a delivery tube. 
On adding water from the dropping funnel oxygen is evolved which 
may be collected over -water : (fig. 60). 

2Na202 + 2 H 2 O = 4NaOH + Og. 

Cubes of sodium peroxide, supplied for the preparation of oxygen in a Kipp’s 
apparatus,^^o^tain traces of ferric oxide and copper sulphate, to catalyse evolution 

® by the action of hydrogen peroxide upon a mixture of dilute 
sulphp^ acid and potassium permanganate : pu; e oxygen is evolved 
on "^^S^pping hydrogen peroxide solution into a solution of potassium 
perjjjpKganate in dilute sulphuric acid Jn the conical flask (fig. 60). 
The ^'teyfiren k collected over water ; the pink solution becomes 
coimitcss. 

S^Mn04+3HaS04+5H20a = K2S04+2MnS04+8H20 +502 

(ii) Oxygen is also liberated by 
the thermal decomposition of the 
oxide of feebly electro-jKwitive metals, 
such as silver oxide and mercuric 
oxide, and most higher oxides and 
peroxides, such as PbOj, CrO„ BaO„ 
etc. 

Mercuric oxide decomposes on 
strong heating into mercury and 
oxygen : 

2HgO 2Hg + O,. 

The reaction was used by Lavoisier 
to abstract oxygen from air ; when heated 
in air, mercury forms tnercuric oxide 
which decomposes at a higher tempera- 
ture into mercury and oxygen. Silver 
Fig. 60 oxide decomposes at a lower 

temperature than mercuric oxide and 
gives very pure oxygen : 2Ag20 = 4Ag -f Oa. 

Barium peroxide decomposes into barium monoxide (baryta) and oxygen : 
2Ba0.2 % 2BaO + Oa. Both red lead, PbaOa, and lead dioxide, PbO., evolve 
oxygen on heating ; 2PbiOi ~ CPbO 4- Oj ; 2PbOa — 2PbO 4- Oj. 

Chromium trioxide breaks up on heating into chromic oxide and oxygen ; 
manganese dioxide decomposes at bright-red heat, evolving oxygen : 

400* =« 2Cr,0, 4- 30* ; 3MnO* « MnjO* 4-pg. 

\iii) Osy-flUfiidji and ttheir 8alts*'-^Many oiky-salts, such as 
cfaloratcg, an4 nitrates, etc., and the oxy-acids, such as sulphuric acid 
atjd nitric acid, etc., decompose when heated. 
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(a) Potassium nitrate, also known as nitre or saltpetre^ decomposes 
on heating into potassium nitrite and oxygen, sodium nitrate behave 
similarly.. Potassium permanganate KMn04, and potassium 
dichromate K2Cr207, also decompose on heating, giving o£F oxygen : 

2KMn04 = K2Mn04 (potassium manganatej + MnOg + O2. 

4K3Cr207 = 4K2Cr04 (potassium chromate) + 2Gr203 + SOg. 

2KNO3 (potassium nitrate) = 2KNO2 (potassium nitrite) + O2. 

(b) A paste of bleaching powder when heated with a few drops of 
cobalt chloride solution rapidly evolves oxygen — the cobalt chloride 
atis as a catalyst : 

2 Ca(OCl)Cl = 2CaCl2 + Og. 

(c) When dry powdered lead nitrate is strongly heated in a hard 
glass test tube (figure 61 ), it decomposes into yellow lead monoxide 
PbO, and a mixture of gas, nitrogen dioxide and oxygen — nitrogen 
dioxide forms reddish brown fumes. The gas evolved is passed through 
a U-tube cooled in a mixture of ice and common salt, where nitrogen 
peroxide condenses to a yellow liquid, and oxygen passes out. A 
glo\ving splint held over the exit of the U-tube bursts into flame, 
showing that oxygen is evolved : 

2 Pb(N 03)2 = 2 PbO + 4NO2 + O2. 

(d) When strong nitric acid is allowed to fall upon red-hot pumice 
stone, it decomposes into water, nitrogen peroxide and oxygen : 

4HNO3 = 2H2O + 4NO2 + O2. 



A distilling flask containing some, pumice-stone, is fitted with 
a dropping funnel, and a delivery tube via a U-tube cooled in freezing 
mixture. The flask is strongly heated, and strong nitric acid is 
allowed to fall by drops on the hot pumice-stone (fig. 62 ). 

The evolved gas is passed through the U-tube where the nitrogen 
peroxide condenses to a liquid, and oxygen passes out — the gas is 
collected over water. 

(c) Strong sulphuric acid may be similarly decomposed by allowing to drop on 
red-hot pumice-stone, into water, sulphur dioxide, and oxygen, the mixed gases on. 
being sent through the U-tube, as befbre, SO, condenses to Squid and oxygen passes 
out : 

2H,S04 = 2 H 3 O + 2SOj + O 4 . 
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Hydrogen 


Atomic number 1. Atomic weight 1.008. Melting point — Boiling 

point — 252.7®C. Density, 1 litre at O^G and 760 mm, weighs 0.0899 gnt. 

Hbtory and occunence. — Hydrogen was first prepared by Boyle in 1660 
from iron filing and dilute mineral acids ; but it was carefully investigated by 
Cavendish in 1/66 and called by him inflammable air. He also showed it to be a 
constituent of water (1781 — 84), a fact in virtue of which Lavoisier gave it the name 
hydrogen or ‘water producer* in 1783. 

In the^free state hydrogen occurs in many volcanic and other natural gases, in 
the atmosphere of the sun, and in air in traces (about 1 part per million) only. In 
the combined state it is present in oils, fats, wood, coal, petroleum, water, etc. 

P3P©paffatioii. — ^The chief sources of hydrogen are — ^i) acids ^ 
\u) water ^ and (iii) alkalis. 

Hy^ogen from acids. — Hydrogen is obtained hom acids by 
interaction with metals which are more electro-positive than hydrogen. 

Metals above hydrogen (with the exception of lead) in the elcctro-chcmical series 
(p^c 130) displace hydrogen from acids, such as hydrochloric acid and sulphuric 
acids — ^the higher the metal in the series the more vigorous the displacement. The 
feebly electropositive metals like Cu, Hg, Ag, Au and Pt do not react. Only 12 
metals are shown in the series here : ^ 

Hydrogen is easily liberated by the action of dilute hydrochloric or K 
sulphuric add upon iron, magnesium and zinc or by the action of hot and Na 
strong hydrochloric acid upon tin : Ca 


Fc + 2HC1 « FeCh (ferrous chloride^ + Hj, ^8 

Fe -h n|S 04 = FeSOi (ferrous sulphate) + Hj. 

Mg + HgS 04 = MgSO| (magnesium sulphate) + Ha, 

Sn 4- 2HC1 sss SnCla (stannous chloride) + Hj. 

Laboratory preparation. — Hydrogen is usually prepared in Pb 
the laboratory by the action of dilute sulphuric acid (1 volume ^ 
concentrated acid to 5 volumes water) or hydrochloric acid fl S'* 
volume concentrated acid to 2 volumes water) on granulated 
zinc : ^ 


Zn-f2HCl (hydrochloric acid)==ZnCl 2 (zinc chloride) -fH,. 
Zn 4 'H 2 S 04 (sulphuric acid) = ZnS 04 (zinc sulphate) -fHj. 


A few pieces of granulated zinc arc put under water in a two- 
necked Woulfe's Bottle tightly fitjed with corks through one of which 
passes |i thistle funnel reaching down 
very nearly to the bottom and through 
the . other ^ passes the dcliveiy tube 
which dips * under water in a 
pneumatic trough , (fig. 63). The 
apparatus.must perfectly air^tight^ 
suwe-^hydrogen forms an explosive mixture 
with air. To test this, air is blown 
from the mouth through a rubber 
txihc attached at the fi-ec end of the 
delivery tube when water is forced 


up the stem of the funnel. The 63 

apparatus is air-tight, if the water 

stationary after doting tjbe rubber tubine 
by t>reanng hard with fingers. luoiug 
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Moderately strong sulphuric acid is then poured down the funnel, 
when a brisk reaction sefs in with the rapid evolution of hydrogen. 

'’The gas is allowed to escape for a minute or two to drive out the 
air inside the bottlc.\ To ensure this, a sample of the gas is collected 
in a test tube by the displacement of water and brought near the 
flame. When the gas burns quietly^ it is free from air and is ready 
for collection. To collect the gas, a gas jar, completely filled with 
water and closed with a greased cover erlass, is inverted over water 
in the trough ; while under water, the cover glass is removed ^nd the 
gas jar is placed on the shelf of the trough so that the delivery tube 

§ aches the mouth of the jar through an opening in the shelf. 

ydrogen collects in the jar hy the duplacejnent of water. When the jar 
is full of the gas, its mouth is closed with a glass plate, while still under 
water, and it is then removed from the trough. The jar is kept with 
its mouth downwards. Several jars of hydiogcn aie similarly collected 
to study its properties. The gas may be dried by passing through 
a U-tube containing calcium chloride or phosphorus pentoxide and 
collected over mercury. 

Before collecting hydrogen all the air must be displaced from the apparatus^ 
since hydrogen forms an explosive mixture with air. • 

Physical properties. — (i) HydSfogen is a colourless, tasteless 
and odourless gas which is practically insoluble in water. The gas 
may be condensed only with difficulty to a liquid and frozen to a 
solid which does not exhibit metallic properties. 


fii) Hydrogen is the lightest of all substances. Air is 14.4 times 
heavier than hydrogen. The following experiments show that 
hydrogen is lighter than air : ^ 

Expt.—{si) An ‘empty* ” inverted over a ^ of 

hydrogen, and the cover ^ 

mouth of the latter is 39 

After a few seconds when 
is applied to the mouth of dn? ttpp^r:^ar, 
it is found that the gas buriis there l^h a 
slight explosion — hydrogen ^ 

air has travelled to upper jar ^ 

Expt. — (b) A toy is 

filled with hydrogen until It || jj^l^ntly 
inflate ; it is then tied off of 

of thread and released in ^^iep^^Ioon 54 

rises up in the air. ’ . ^ 

Chemical proiwi!»4l^|[i) Hydrogen docs not support 
combustion, but burns ^pi^oxygcn with a pale blue non-luminous 
flame. 


Expt . — ^A lighted taper 
downwards — the taper is ^ 

(ii) Water is proe^ 
reaction is used as 


g uced into a jar of hydrogen, held mouth 
but the gas bums with a pale blue flame. 

Iffdrogen bums in air or oxygen. This 
drogen. 2m + O, = 2HgO. 
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Expu — stream of hydrogen, dried by passing through a U*tube containing 
nised calcium chloride, is 
burnt in a platinum jjet, and 
the flame is allowed to impinge 
on the outer surface of a retort 
(fig. 65) through which cold 
water circulates. Drops of 
water condense on the cold 
outer surface and collect in a 
beaker placed below. 

The ^ reaction between 
hydrogen and ox)^en is 
caudysed by finely-divided 
platinum and palladium — a 
jet of hydrogen inflames, for Fig. 65 

example, in contact with 
platinum sponge and fine 

platinum wire, although hydrogen and oxygen do not react at the ordinary 
temperature. The combination is however arrested by completely drying the gases 
with phosphorus pentoxide. 

When glass tubes of different widths and lengths are lowered over the flame, 
a musical note is produced and tlic flame begins to sing. 

Hii) Hydrogen forms an explosive mixture with air or oxygen, ^ 

Expu — soda water botdc is filled one-third its volume with oxygen and 
two-thirds by hydrogen, by displacement of water ; the bottle is wrapped with a 
towel, and well-shaken, and then held ^fore a flame when a violent explosion takes 
place instantaneously. 

(yi) Hydrpgen aeis as a reducing agents because of its tendency to 
unite with oxygen. 

Expt . — ^Hydrogen is passed over heated copper oxide taken in a bul^tubc 

(fig. 66) — the black copper oxide is 
converted into metallic copper wilJi 
dull-red colour and water is formed. 
(Also sec page 76). Hydrogen here 
acts as a rt^ucing agent, since it 
removes the oxygen from copper 
oxide — the removal of oxygen from 
a compound being called reduction. 

GuO Hj ■= Gu -f- HjO { 

Fig. 66 PbO + Hg Pb + lUO. 

Oxides of weakly clcctro-positiv^ metals like mercury, iron, lead, etc,, may be 
similarly reduced. Hydrogen docs not attack the oxides of strongly electro-positive 
metals^like sodium, potassium, calcium or magnesium. 

(v; Hydrogen forms gaseous or volatile hydiides with all the 
non-metals, except the inert gases : 

H2+CI2 = 2 HC 1 ^hydrochloric acid) ; 3H2+N2 = 2NH3 (ammonia). 

(vi) Hydrogen forms solid saltMke hydrides with strongly electro- 
positive metals like lithium, sodium, potassium, and calcium — the 
hydrides react with water producing hydrogen back : 

Ca+Ha == CaHa (calcium hydride) ; 2Na+H2 - 2 NaH. 
CaHa+ZHgO = Ca(OH)2 (calcium hy Iroxidc) +2Ha. 

Caldum hydride is called hydrolith and is sometimes used to prepare hydrogen 
on a semi-tccbnical scale. . 

Ocdtti^a of bydrogenu — Hydrogen possesses the property of 
cUssohdng^ m certain metals forming sMd dilutions ; this phenomoion 
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is known as occlusion of hydrogen. Metals like iron, cobalt, platinum 
and specially palladium possess the property of absorbing a large 
volume of hydrogen at the ordinary temperature. Of all the metals, 
palladium absorbs hydrogen the ihost — about 900 times its own 
volume. The occluded hydrogen is released again when the metal is 
heated — use being made of this fact in the purification of hydrogen. 

Occluded hydrogen is a powerful reducing agent. When hydrogenised palladium^ for 
example, is immersed in a solution of ferric chloride, the latter is reduced to ferrous 
chloride. 

Nascent hydrogen. — ^Nascent hydrogen is hydrogen at the moment 
of its generation, i.c., when it is just liberated from a compound. 
Nascent hydrogen is more reactive and a rriore powerful reducing agent 
than ordinary hydrogen, as the following experiments will show : 

Expt, (i). — ^When zinc and sulphuric acid are added to yellow solution of ferric 
chloride, the latter is rapidly reduced to a colourless solution by the nascent hydrogen 
general^ within it : 

FeCl, (ferric cliloride) + H = FeCla (ferrous chloride) + HCl. 

Expt. (ii). — ^When a little potassium permanganate, KMn04, solution is added 
to a mixture of zinc and sulphuric acid which is evolving hydrogen, the pink colour 
of the solution gradually disappears due to the reduction of the permanganate by 
nascerft hydrogen ; but no change is produced when hydrogen is bubbled through 
the solution of potassium permanganate or ferric chloride. 

5Zn + 5H2SO4 =* 5ZnS04 + lOH (nascent hydrogen). 

By partial equations, 2KMn04 = KjO + 2MnO + 50 
K 2 O + HaS 04 = KaS04 + H 3 O 
2MnO -f 2HaS04 — 2MnS04 (manganous sulphate) +2HtO 
lOH + 50 = 5H,0 

2KMn04 + 3H2SO4 + lOH =* K2SO4 + 2MnS04 + SHjO 

Several explanations of the enhanced activity of nascent hydrogen have been 
put forward, namely : (1) the nascent hydrogen is in the atomic stale, and the atoms 
arc more active than molec\ilcs. Following facts lend support to the atomic character 
of nascent hydrogen. Langmuir showed that atomic hydrogen reacts directly with 
oxygen to give hydrogen peroxide. 

H + O4 + H = HO - OH 

(ii) the nascent hydrogen is evolved in small bubbles cont|iining the gas at high 
prcss\ire ; hydrogen under pressure reduceg silver nitrate solution ; and (iii) the 
nascent hydrogen is activated by the energy liberated in the reaction in which it 
is formed. This hypotliesis has the merit of explaining the diflFerence Ih activity 
of nascent hydrogen obtained from different sources. Pot£|psium chlorate, for 
example, is reduced by nascent hydrogen from zinc and sulphuric acid, but is unaffected 
by nascent hydrogen from sodium amalgam and water. Since* chemical changes 
whidi liberate hydrogen, take place with tlic liberation of different amounts of encr^, 
the nascent hydrogen is energised to different extents in different cases. This explains 
the difference in activity. 

Hydrogen from water. — Hydrogen may be obtained from 
water by electrolysis, and (ii) by the action of metal, and (iii) by ike 
action of carbon. 

(i; Electrolysis of water. — Acidulated water is decomposed by 
electrolysis into 2 volumes of hydrogen and 1 volume of oxygen ; (page 11). 

(ii) The action of metal upon water. — Metals above hydrogen 
in the electro-ch^ical series, except tin and lead, decompose watd:, 
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giving off hydrogen. The conditions under which water is decomposed 
by metals depend upon the nature of the metal. — (a) Action of 
metals upon cold water. — ^Alkali metals (sodium, potassium, etc.) 
and the alkaline earth metals (calcium, strontium and barium) 
decompose water at the ordinary temperature^ yielding hydrogen and 
the hydroxide of the metals which dissolve in the water. 

The reaction with alkali metals is very violent ; it can be moderated by alloying 
the metal with lead or using an amalgam (alloy with mercury) of the metal. 

When small pieces of sodium or potassium are thrown in cold water, they swirl 
about andrgradually dissolve, giving off hydrogen ; in the case of potassium so much 
heat is generated that the evolved hydrogen ignites and a beautiful violet flame 
appears. 

2Na + 2H2O = 2NaOH (sodium hydroxide) + H2. 

2K + 2H2O = 2KOH (potassium hydroxide) + Hg. 

Ca + 2H2O = Ga(OH)2 (calcium hydroxide) + Hg* 

RxpU — ^To collect hydrogen from the reaction of sodium and water, the metal, 
in small pieces, is held under water with a wire gauze sj^oon, or pressed into a lead 
tube, and placed beneath an inverted jar of water. Hydrogen collects in the jar 
by the displacement of water. T he water reacts alkaline due to the solution of sodium 
hydroxide produced in the reaction. 

Amalgamated aluminium is made by rubbing aluminium foil with moist mercuric 
chloride. Zinc-copper^ couple is made by pouring copper sulphate solution over 
granulated zinc and washing the product free from adhering salts. 

. GUSO 4 + Zn == ZnSO* + CJu 

y-“^) Action of metals upon boiling water. — The metals 
niagnesium and aluminium in the form of powder or as amalgam, 
and zinc coated with copper (since pure zinc is not acted upon by water) 
decompose boiling water, liberating hydiogen. 

Zn+ 2H2O = Zn(OH)2 (zinc hydroxide) + Hg. 

2A1 -1- 6H2O = 2A1(0H)3 (aluminium hydroxide) + SHg. 


Magnesium and aluminium amalgams also decompose cold water slowly. 

(c) Action of heated metals upon steam. — Hydrogen is 
liberated when steam is passed over red-hot iron, zinc or magnesium. 
Magnesium burns brightly when heated in steam. 


Mg -f HgO = MgO (magnesium oxide) + Hg. 

Zn -f- HgO = ZnO (zinc oxide) + Hg. 

3fe + 4rt20 ^ Fe304 ffciioso-ferric oxide) -f 4H2. 



A piece of weldless iron 
))ipc is loosely packed with 
iron iilings or small iron 
nails and heated to redness 
ill a furnace ; on passing 
steam over the red-hot iron, 
bubbles of gas arc evolved 
from the delivery tube, 
which may be collected over 
water and shown to be 
hydrogen (fig. 67). 


Fig. 67 • 
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(iii) Acdon of carbon on water. — mixture of carbon 
ponoxide and hydrogen, (nearly in equal volumes^, called water gas, 
is produced when steam is passed over white-hot carbon heated to 
1000°C — much carbon dioxide is produced at dull-red heat : 

C + 2 H 2 O = COg + 2 Hg (dulUred heat) ; 

C + H 2 O = CO + Hg [bright-red heat). 

Hydrogen from alkalis. — Hydrogen may be obtained by 
heating the metals zinc, tin or aluminium, with 20 to ^^30 per cent 
caustic soda or potash solution in a flask — the gas may be collected 
over water. 

Zn + 2NaOH = NagZnOg (sodium zincate) + Hg. 

2A1 + 2NaOH + 2 H 2 O = 2NaA102 (sodium aluminate) + 3Hg. 

Sn + 2NaOH = NagvSnOg (sodium stannite) + Hg. 

In the silicol process hydrogen is made for filling military balloons by the 
action of hot 20% canstic soda solution upon powdered silicon or fcrrosilicon 
containing about 80% silicon. 

Hydrogenite (which is a mixture of silicon, caustic soda and slaked lime) evolv^ 
hydrogen on ignition and leaves sodium and calcium silicates. 

Si -f 2NaOH + HgO - NaaSiOj (sodium silicate) -4- 2H^. 

Tests for Hydrogen. — Hydrogen burns in oxygen with a pale blue flame to 
form water on/y—the pnxluct of combustion, i.c., water, docs not make lime water 
milky, but turns whHe anhydrous copper sulphate blue. 

Hydrogen is absorbed by spongy palladium which gives off the gas again on 
heating. 

Uses. — Hydrogen is used industrially : (i) in the manufacture of ammonia, 

hydrochloric acid, and methyl alcohol ; 

(ii) for hydrogenating petroleum fractions, and coal in order to obtain synthetic 
petrol ; 

(iii) in the hydrogenation, also called hardening, of vegetable or animal oil — the 
oil combines with hydrogen in presence of finely divided nickel catalyst, forming 
solid fats, which are used extensively as butter substitutes ; 

(iv) in pro<lucing oxy-hydrogen flame, temperature about 2800°C, for welding 
and lime light — lead ‘burning’, i.e., autogenous welding without solder is done by 
a hydrogen flame ; a still hotter flame, temperature about 4000°C, i^ produced in 
atomic hydrogen torches, also used for w'clding purposes, • 

Atomic Hydrogen. — The molecule *of hydrogen can l>c split into atoms — the 
process absorbing a huge amount of energy, about 100,000 cals, per molecule : 
Hj ^ 2H. Atomic hydrogen is formed when an electric arc between tungsten 
electrodes is fed with hydrogen — the atomic hydrogen blo^n out of arc forms -an 
intensely hot flame cajjablc of melting and welding many metals. The flame gets 
its heat from the reunion of hydrogen atoms to molecules : 2H £=? H,. Atomic 
hydrogen is also a powerful reducing agent. • 

(v) in filling air-ships and balloons, since it is the lightest gas known, its density 
relative to air = 1, is 0.069 only. C'oal gas is sometimes used for balloons as it contains 
a large proportion of hydrogen, and for airships hydrogen is often replaced now-a-days 
by non-inflammable helium (having a lifting power of 92 pier cent of that of hydrogen) 
as the inflammability of hydrogen makes its use extremely risky. 

Pare Hydrogen. — (i) Hydrogen, obtained from commercial zinc and sulphuric 
acid contains many impurities, such as hydrogen sulphide, H^S, arsine, AsH^, 
phosphine, PH3, sulphur dioxide, carbon dioxide, possibly oxides of nitrogen, nitrogen, 
and moisture. The gas is purified by passing it in succession throu^ a series, of 
U-tubes containing : • 
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(a^ lead nitrate solution to absorb hydrogen sulphide, 

(b) silver sulphate solution to absorb arsine and phosphine, 

(c) strong caustic potash solution to absorb sulphur dioxide, carbon dioxide, 
and nitrogen dioxide ; 

(d) phosphorus pentoxide to absorb moisture. 

The gas may be then collected over mercury. Tc remove nitrogen, the gas is passed 
in an evacuated glass bulb containing palladium foils which absorb hydrogen only — 
the nitrogen is pumped out of the b\3b. Pure hydrogen is then evolved by heating 
the bulb to duli-rcdness. 

(ii) Very pure hydrogen is prepared in the laboratory by the electrolysis of a 
warm barium^ hydroxide solution in a glass U-tube, fitted w'itli nickel electrodes 
(fig. 6B). Water undergoes electrolysis, liberating hydrogen at the cathode and 
oxygen at the anode — barium hydroxide increases the conductivity of the solution 
only. The hydrogen, thus liberated, contains a trace ol ^ygen, and is Vncreiorc 
passed over heated platinised asbestos to convert the oxygen into water. Moisture is then 
removed by drying the gas with |x>tassium hydroxide, followed by phosphorus 
pentoxide. Tlie gas is then collected over mercury. 



Fig. 68 

Industrial preparation of hydrogen. — The principal processes 
for the manufacture of hyclro.^en are (i) electrolytic process^ (ii) ivater 
gas process y and (iii) steam-iron process. 

(i) Electrolytic process. — Hydrogen is obtained in Knowles 
cells by the electrolysis of a 20% caustic soda solution in a cast 
iion tank betw^een sheet-iron 
electrodes. The anodes, (which 
are nickel-plated , to resist 
anodic oxidation) and cathodes 
arc placed* alternately. Each 
electrode is fitted with a gas 
collecting bell at the top : the 
electrodes are separated from 
each other by porous asbestos 
diaphragm to prevent the 
hydrogen evolved at the cathode 
from mixing with the oxygen 
liberated at the anode, since the 

diffusion and intermixture of Fig. 69 


hydrogen and oxygen would 

form an explosive mixture. The purity of gases is very high — Hg 
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Hydrogen is obtained as a by-product during the manufacture of caustic soda 
by the electrolysis of common salt. 

(ii) Water gas process. — ^When steam is passed over white-hot 
coke heated to about 1000°C water pas is produced — a mixture of 
nearly equal volumes of hydrogen and carbon monoxide with a small 
amount of carbon dioxide : G + HgO = CO + Hg. 

In Bosch process the water gas is mixed with excess of steam 
and passed at 450°G over a heated catalyst consisting o^ a mixture o f 
ferric oxide and chromium oxide ; carbon monoxide is mostly oxidised 
into carbon dioxide and more hydrogen is obtained from the steam 
CO + HgO COg + Hg. As the reaction is reversible^ a little carbon 
monoxide alway-s remain in the gas. 

The carbon dioxide is removed from the gas mixture by washing 
with a spray of water under a pressure of 30 atmospheres, and any 
remaining carbon monoxide by absorption in ammoniacal cuprous 
formate solution under 200 atmospheres. The hydrogen, when dried, 
is about 99.9 % pure. 

t Carbon monoxide can also be removed from water gas by compression and strong 
cooling, when carbon monoxide (b.p. -—191.5°) condenses to a liquid, leaving the 
hydrogen (b.p. —253°) as a gas. 

Hydrogen is made in California by the thermal decomposition of natural gas, 
which is methane mainly : CH^ == C 4- 2Ha or the natural gas is mixed with steam 
and heated : CH^ 4* 2HaO = CO, -|- 4Ha. • 

(iii) Steam-iron process. — Hydrogen is made by passing steam 
over red-hot iron. In the Lane process spongy iron obtained from the 
reduction of spathic iron ore (ferrous carbonate) is heated to about 
600° — Br>0°G in vertical iron retorts, and steam is passed over it. The 
red-hot iron decomposes steam, liberating hydrogen, and is itself 
converted to fcrroso-ferric oxide : 3Fe + 4H2O ^ Fea04 + 4H2. 

The iron oxide is then reduced back to metallic iron by passing 
w'ater gas over it, so that the iron can be used over again. 

Fe304 + 4H2 3Fe + 4H3O ; FejO^ + 4gO = 3Fe + 4COg. 

The steaming and reduction ^processes alternate. The hydrogen 
obtained is 98 p.c. pure— it contains a little carbon monokide. 

H>f!rogf'n is sometimes made for lilliii" miUtar>’^ bafloons : (i^ by the action 
of water on calcium liydrido (hydrolith) or an alloy of lead knd sodium {hydrone) or 
(ii) by silicol process, as stated above. ^ 

The Kipp’s apparatus. — ^T’o get a ready and fairly continuous 
supply of hydrogen for occasional use Kipp’s apparatus (fig. 70) is 
convenient! V used. It consists of two parts — (i) the lower part of two 
globes, the lowest being a half only, joined by a narrow neck, (ii) the 
upper part is another glass globe A with a long stem and fitting 
air-tight into the neck of the middle globe B, — the stem reching nearly 
the bottom of the lowest globe. A stop-cock is attached to the central 
globe. The bottom globe G is provided with an outlet for the escape 
of the waste liquid. 
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Pieces of granulated zinc are placed in the central globe B. The 
stop-cock is opened and dilute sulphuric acid is poured in through a 
funnel down the upper globe until it fills the 
bottom globe G and comes in contact with the 
zinc in the central globe. 'J’he reaction takes 
place between the zinc and the acid. Hydrogen 
is evolved and passes out through the stop-cock. 

When the gas is not required, the stop-cock 
is closed ; the evolved gas cannot pass out ; it 
collects in the central globe and exerts pressure 
on the acid liquid which is thereby forced clown 
into the bottom globe whence it rises up the 
stem into the top globe. The contact between 
the zinc and the acid breaks and consequently 
the evolution of hydrogen ceases. 

When the uas is wanted, the stop-cock is 
opened ; the accumulated gas escapes and so 
the pressure inside falls and the acid as a result 
cefrnes down in contact with zinc again and the 
gas is evolved. 

The Kipp’s apparatu® is used whenever a jijas is obtained by the action of a liquid 
upon a solid without application of /wa/— hence its use also for the r^ady supply 
of hydrogen sulphide, carbon dioxide, etc. 

Water 

Formula HoO. Molecular w’cight 18. Freezes at O^C and boils at 100®G at 
standard atmaspheric pressure. Density at 4^ is unity. (Critical temperature 
365®C. Volume of 1 kilogram of water at 4°C is the standard litre ; it occupies 
1000 ml. 

Histofy and Occurrence. — Water for a long time was regarded as an element 
— tlie elements, according to the ancient philosophers, being five in number only, 
namely, fire, air earth, water and ether. It was only in the year 1781 that water 
was shown to be a compound by C^avendish who obtainitd it by exploding a mixture 
of hydrogen and oxygen in* the ratio of 2 to I by volume. 

Water occurs abundantly in nature as liquid water or ice in oceans and inland 
waters, and asA^apoiir in the atmosphere. Water is an important constituent of all 
animal and vegetable bodies. It also occurs as water of hydration in many rocks 
and minerals. • 

Natural yraterl;. — Natural waters contain many impurities — their 
nature and amounts* var^ng with the source of watci . Hence water 
may be classified according to their sources, as : (a) rain water, 

(b) river water, (c) spring and well-water, (d) mineial waters, and 

(c) sea water. 

(a) Rain water. — The purest form of natural water is rain water. It contains 
in solution the gaseous impurities oxygen, nitrogen and carbon dioxide absorbed 
from the atmosphere, and traces of ammonium nitrate, produced during thunder- 
storms, and common salt derived from dried sea spray carried inland by winds. Rain 
water in the vicinity of manufacturing towns is also liable to contain traces a little 
sulphur, and many suspended impurities like soot and dust. The rain water 
is sm^ • 
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(b) River mter.~Rain waters feed rivers. Hence the river water contains 
additional impurities dissolved out from the soil and rocks — the impurities frequently 
include the chlorides, sulphates, carbonates and bicarbonates of sodium, calcium, 
magnesium and iron. The soluble bicarbonatcs of calcium and magnesium are 
formed by the action of dissolved carbon dioxide upon insoluble carbonates, as the 
water flows down and through the rocky soil containing calcium or magnesium 
carbonates. 

GaCOa + HaO + GOa = Ga(HG 03)2 (calcium bicarbonate). 

MgGOa + HjO + CO, = Mg(HG 03)2 (magnesium bicartionate). 

The presence of soluble calcium and magnesium salts in river water makes it 
hard. The river water is often liable to be contaminated with the sewage and sludges 
of cities it flows by, and is then likely to contain organic matter, ammonia and 
nitrites. 

(c) Spring and well-water. — ^I'he rain water, on reaching the ground, 
percolates through the porous starta of the soil— this natural filtration through the 
porous strata removes the suspended impurities but increases the soluble mineral 
content. 

The spring water is usually hard and also free from organic matter, ammonia, 
etc., as they are oxidised by soil bacteria. Because of freedom from organic mattej, 
thq spring and well water is often suitable as drinking water. 

The spring water often contains an excess of mineral matter which confers a , 
special taste or a specific curative and medical property to it ; it is known as mineral 
water. There are different types of mineral water (a) Acidulous water, e.g., Seltzer 
water, contain dissolved carbon dioxide mainly ; (6) Alkaline water, e.g., Vichy water, 
contains sodium and lithium bicarbonates, and are beneficial in the treatment of 
gout ; (<;) Bitter waters, e.g., Epsom water, contain an excess of sodium and magnesium 
sulphates, and are used as aperient ; (d) Hepatic waters contain hydrogen sulphide, 
and alkali sulphide ; {e) Chalybeate or Ferruginous waters €X>ntain ferrous bicarl^nate 
in solution ; (f) Iodine waters contain dissolv^ iodides, and {g) Siliceous waters contain 
dissolved silica and alkaline silicates. 

Hot springs are often used for medicinal bath, they contain dissolved gases like 
helium and traces of radium emanation. 

(d) Sea water. — ^Rivers carry a large volume of waters with dissolved impurities 
into the sea, and as such the sea contain the maximum amount of dissolved impurities, 
about 3.6% on the average, of whidi 2.6% is common salt. The high ratio of sodium 
to potassium in sea water is partly due to the fact that the soil preferentially retains 
potassium salts. The average percentage composition of sea water is : water 96.5, 
sodium chloride 2.6, magnesium chloride 0.3, magnesium sulphate 0.2, calcium 
sulphate 0. 1 3, potassium chloride 0.07, magnesium bromide 0.007, and the rest traces 
of silica, iodides, etc. Its spccihc gravity is 1.03, which one feels while swimming 
in sea water which buoys up human body better than river water. The quantity of 
dissolved salts is very much greater in inland seas, e.g., the Dead Sea contains 22.8 
p^r cent of dissolved salts. It is saline and unsuitable as drinking water and is hard. 

C^ard and soft waters. — ^Water is classed as hard or soft, 
depending upon its behaviour towards soap solution. Water that 
readily forms a lather of films and froths when agitated with a soap 
solution is known as soft water, while the water that reacts with the 
soap solution to form a white scum only without producing a lather 
easily, is said to be hard water — ^hard water does not, therefore, yield 
a lather until a considerable amoimt of soap has been used up. 

The hardness of water is due 4o the presence of dissolved salts of metefs 
{except the salts of alkali metals such as sodium and potassium), notably those 
of calcium, magnesium and iron, in water. 
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The surface tension of water is considerably lowered by the presence of soap 
in solution. Stable lather of films and froths are therefore formed, when water is 
shaken with soap solution. 

Ordinary soaps consist of sodium and potassium salts of certain 
''fatty acids, such as salts of stearic acid, palmitic acid, and oleic acid 
derived from fats and oils ; they are soluble in water. When hard 
water is treated with a soap solution, the soluble sodium steaiate 
(sodium stearate representing the soap) reacts wth the calcium, 
magnesium and iron salts present in hard water to yield insoluble 
slimy precipitates of the stearates of calcium, magnesium and iron. 
Soap is thus removea from water. 

Na-stearate + Ca-salt = Ca-stearatc + Na-salt. 

Hard water will not, therefore, form a lather with soap until 
sufficient has been added to precipitate all tlie calcium, magnesium 
and iron in the Avater as insoluble stearate. For convenience hardness 
is classified as temporary and permanent, 

^ (i) Temporary hardness. — ^It is due to the presence of soluble 
bicarbonates of calcium,* magnesium and iron in water. Temporary 
hardness can be removed by ; (a) boiling, w^ien the soluble 
bicarbonates are converted into insoluble carbonates which are 
precipitated, and carbon dioxide is evolved.* The method is effective 
on a domestic scalfe only. 

CaCHCOa)^ = CaCOa + HaO + COg ; 

Mg(HGOs)a = MgCOa + HgO + COa. 

Fe(HC03)2 = FeCOg (ferrous carbonate) + H3O + COj. 

Ferrous carbonate is readily oxidised by atmospheric oxygen, and 
reddish-brown ferric hydroxide is precipitated. 

4FCCO3 + 6H2O +02= 4Fe(OH)3 + 4CO2. 

Magnesium bicarboni*te hardness is not fully removed by boiling as magnesium 
carbonate is to some extent (0.84 gm. per litre) soluble in water. 

(b) C3ark’s process. — Temporarily hard water is softened for 
industrial purposes by adding the calculated quantity of slaked lime 
which precipitates tjie insoluble carbonates. 

The mixing of flme and water is done in large settling tanks. After 
the precipitate has settled down the clear soft water is pumped to 
reservoirs for distribution ; the water may also be clarified by filtration 
through beds of coke or sand or a filter press. Only the correct amount 
of lime is to be added ; addition of more than the requisite quantity 
makes the water hard again, as the excess lime goes into solution. 

Ca(HC 03 )a + Ca(OH)a = 2CaCOa + 2 H 2 O. 

Mg(HC03)2 + Ca(OH)2 = MgCOg + CaCOg + 2H2O, 

< The magnesium caibonate whicl^ appreciably soluble, then 
reacts with further quantity of lime to form the insoluble magnesium 
hydroxide : MgCOg + Ca(OH)a = Mg(OH)2 + CaCOg. 
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(ii) Permanent hardness. — ^This is caused by the presence of the 
chlorides and sulphates of calcium and magnesium in the water. 
Like the temporary haidness, permanent hardness can not be removed 
by mere boiling, or by adding lime, since such methods do not 
precipitate the calcium or magnesium. 

Permanently hard water is softened by the addition of sodium 
carbonate to water, when insoluble calcium and magnesium carbonates 
precipitate. The sludge of the insoluble carbonates is removed by 
iiltortion through a filter press. 

CaSO^ -4“ Na2GOg = GaCOg -f- NagSO^ ^ 

MgCla + NagCOg = MgCOg + 2NaCl. 

Waters containing dissolved calcium bicarbonate, while falling in drops from 
the roofs of caves, lose carbon dioxide and deposit columns of calcium carbonate 
suspending downwards from the roof, known as stalactites. The drops falling on 
the floor deposit columns of calcium carbonate, known as stalagmites y which g^w 
upwards to meet the stalactites. I'hcsc columns are sometimes very beautiful to 
look at (fig. 71). 



Fig. 71 

• 

Water softening. — (a) Lime-soda process. — ^I'emporary hard- 
ness is removed by Clark’s process. In softening hard waters for 
industrial purposes (for use in boilers and laundries) both the temporary 
and permanent hardnesses are removed simultaneously by adding lime 
and washing soda in correct proportion, and sometimes also a little 
caustic soda. 

Ca(IIC 03)2 + 2NaOH = CaCOg + Na^COg + 2 H 2 O. 

The lime and sodium carbonate precipitate the calcium and 
magnesium by reactions as stated above. 

Magnesium chloride, if present, reacts with lime as follows ; 
MgClg + Ca(OH)2 = Mg(OH)a + CaCla, 
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The calcium chloiide formed is then precipitated by sodium 
carbonate. CaClj + NagCOj = CaCOg + 2NaGl. 

The precipitate is allowed to settle and then removed by filtration. 

Crude caustic soda which contains some NagCOs, besides NaOH, may be used 
with advantage. 

(b) The base exchange or permutit process* — ^This is the 

modern and the most effective 
method of removing both temporary 
and permanent hardnesses of water. 
The permutit is the trade name 
for artificially prepared sodium 
aluminium silicate allied to the 
natural mineral zeolite — the permutit 
is prccipiUited as a porous gel by 
mixing solutions of sodium silicate 
and sodium alumina te. 

The base exchange material permutit 
may be formulated as Na^Ze, where Zc is 
the zeolite radical. 

In the permutit process the 
hard watbr is allowed to percolate 
through a bed of granules of permutit 
(fig. 72) ; when the calcium and 
^ magnesium salts in the water react 

with the pennutit, forming insoluble calcium and magnesium 
aluminium silicates which are retained in the filter bed. The issuing 
water, firee from calcium and magnesium, is soft. 

NagZe + Ca(HC 03)2 = CaZe + 2NaHC08 
NajZe + MgSO^ = MgZc + Na^SO,. 

Hie caldiim and mi^esium ions in the hard water are thus exchanged for an 
equivalent of sodium ioni in the permutit and the hard water gets softened. 

After use for some time when* the permutit gets exhausted and 
loses its activity, it is regenerated by percolating with a 10 per cent 
solution of common salV-the sodium chloride displaces the calcium 
and magnesium from the exhausted permutit and replaces these by 
sodium, so that the bed is regenerated and ready for use again : 

CaZe + 2NaCl ^ CaClj + Na^Z. 



I 





Fig. 72 


Permutit water-sofiening plants are used in private houses and factories and 
also for softening public water supplies of towns. 

Various synthetic ion-exchange resins are nowadays available for softening 


(c) GalcoB wfoej^Hardwter* may also be softened by adding sodium 
hexmmta-^bosphate (NaPO,), technjcally used under the name edgm. The 
IS sot preoi^ted but forms a congilex salt with the softening agent which remans 
in solqtkm and fbnss no precipitate with soap. Hence its use in for 

fcmciung; water. 
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Calgon which is formulated as Na 2 [Nd 4 (P 03 )e] removes the calcium-hardncss 
forming the soluble complex salt NaaLNa 2 Ca(P 03 )e]. 

Naj[Na4(P08)e] -f CaS 04 « Nag [NajCaCPOa)*! + NaaS04. 

It is also used for softening water for boilers, since no scale is deposited and the 
scales already formed are dissolved. 

Water for industrial purposes. — More than 50 per cent of 
water in chemical industries is used for cooling. Besides, it is used 
in : (a) Laundry. — ^When hard water is treated with soap, the 

latter is removed from water as an insoluble precipitate and is 
not, therefore, available for detergent action imtil all the calcium 
and magnesium salts are removed, i.e., until the hard water is 
softened. 

Hard water, therefore, causes waste of soap, when used for laundry 
purposes, and hence the use of soft water for the same. Laundry 
water must also be free from iron, as otherwise brown ferric hydroxide 
would be deposited on fabrics and stain the sanje. 

Estimation of hardness. — ^The relative hardness of water is expressed in 
degrees of hardness. 1 degree of hardness is the hardness produced by 1 part of 
calcium carbonate (or its cquivalOit) in 100,000 parts of water. Total hardness 
of water may be estimated by titrating a measured volume of w'atei* against a standard 
soap solution until a lather lasting for 2 minutes is obtained on shaking — the soap 
solution is previously standardised against water containing a known concentration 
of calcium chloride. The permutit process gives water of almost zero hardness. 
The degree of hardness for : soft water 0 to 10'’ ; medium hard water 10® to 20® ; 
hard water 20® to 30®, and very hard water above 30®. 

(b) Boiler waters. — Waters for raising steam in boilers must be 
soft and must not contain too much dissolved or suspended matter, 
so as to avoid the troubles of (i) scale formation, ^ii) corrosion, and 
(iii) foaming. The water must be soft as otherwise a deposit of 
calcium carbonate and calcium sulphate mainly is formed on the 
walls of the boiler. The formation of this hard, heat-insulating crust, 
called boiler scale, causes a much greater consumption of fuel, and 
also a rapid deterioration of the boiler due to overheating. "The life 
of the boiler is thus greatly shortened. Under the stiess of continued 
ovciheating the boiler may give way and burst due to unequal 
expansion of the body of the boiler and scale. Too much of dissolved 
matter in boiler waters causes foaming and frdthing. 

Magnesium chloride, if present in water, is readily hydrolysed, giving hydrochloric 
acid, which attacks the body of the boiler which is iron, causing pitting and corrosion^ 
Pitted zones are the vulnerable points in boilers. The boiler water, dierrforc, must 
not contain magnesium chloride, i.e., it must be soft. The sea water can not be 
used in marine boilers, since it contains magnesium chloride : 

MgCl, + HjO Mg(OH)Cl + HCl. 

Hard waters alsQ deposit ‘scale’ or ‘fur’, similar to boiler scale, in household 
kettles. 

13 
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(c) Water for other chemical industries such as paper, artificial 
silk, dyeing, etc., must also be soft and particularly free from iron — 
the latter, if present, adheres to the fabiic in spots forming “iron 
mould”. 

Drinking water. — Water for drinking purposes {potable water) 
should be hygienically safe. It should be free from pathogenic bacteria 
disease-producing germs) such as the germs of cholera, typhoid, 
epidemic diarrhoea, enteric fever and Bacillus coli, etc., and any 
suspended impurity. It must not contain any copper and lead which 
are cumulative poisons. Presence of nitrates and ammonia in natural 
waters generally indicates contamination with sewage and decaying 
matter ; such water is therefore discarded as unsuitable for drinking. 
Lastly, di inking water should be refreshing to the taste — salts and 
caibon dioxide add to the freshness of water. 

For a large scale supply, as in cities or towns, water is usually 
taken from a river or a canal running nearby and is purified by sand 
filtration. Water is pumped up from the source and run into settling 
tanks where the ‘suspended impurities deposit by sedimentation. 
Alum is added during this period which helps quick coagulation and 
settling of the suspended impurities ; precipitated aluminium 
hydroxide carries down suspended particles of clay, etc. and also 
some bacteria 

'Al 2 (S 04)3 + 3Ca(HC03)2 = 3CaS04 + 2Al(OH)3 + fiCOg. 

The partly clarified water is then discharged upon a bed of sand 
filter which consists of a bottom layer of graded gravel, a middle layer 
of coarse sand and a top layer of fine sand. The bed is provided with 
drains below the gravel layer to carry off the filtered water. The 
sand filter becomes covered with a slimy layer of clay, algae, 
etc., which removes the suspended impurities and the pathogenic 
bacteria. 

The filtered water ds then subjected to sterilisation to kill the germs of diseases, 
if any. < 

(i) Gl&orination. — Chlorination with a mild dose of chlorine cither by 
admitting liquid chlprine from steel cylinders or by adding bleaching powder solution 
to the water supply, is the common method of sterilisation in our country and 
elsewhere. Water smells of chlorine if too much of it is added. In the chloramine 
process sterilisation is effected by a mixture of chlorine and ammonia which is more 
effective than chlorine and wliich also improves the ta.ste of water. Chlorination 
of water has greatly cut (by 75 per cent.) the death-rate from typhoid. 

(ii) Ultraviolet rays* — A short exposure to ultraviolet rays, generated with 
the help of mercury vapour lamps enclosed in quartz containers, kills the bacteria, 
without imparting any offcast ve smell or taste to the water. 

(iii) Ozonised air.— Sterilisation U effected by bubbling ozonised air through 
filtered water in a tower. Treatment with ozonised air imparts a disagreeable taste 
and smell to water which must therefore be exposed to air to render it palatable 
again. 

c 

Aeration also greatly helps purification of drinking water. Water is often sterilised, 
on a small scale, by treatment with potassium permanganate. 



OXYGEN, HYDROGEN AND WATER 


195 


The filtered water is then examined — (a) bacteriologically, and (b) chemically, 
particularly for the poisonous metals, copper and lead, and ammonia whose presence 
usually indicate sewage contaminauon. 

On a smaller scale for domestic purpose, water is boiled to destroy the 
bacteria, — boiling efiectively sterilises water and 
hence the practice of boiling drinking water when 
cholera and typhoid break out, — and then treated 
with a little alum to coagulate the suspended matter. 

The water is next filtered through layers of charcoal 
and sand, contained in perforated earthenware pots. 

For domestic use, water may be filtered through 
Pasteur-filters (fig. 73) which consist of one or more 
porous cylinders P of unglazed porcelain, shaped like 
hollow candles — the filters effectively retain slimy 
mass of bacteria and other impurities. 

Water for drinking purposes need not be soft — 
the presence of bicarbonates in hard water gives a 
refreshing taste to the water. Drinking water must 
be hard, if it is conveyed through lead pipes, since 
soft water in presence of dissolved oxygen dissolves 
out lead oa slightly soluble lead hydroxide. 

Pure water* — Natural water usually 
contains (a) the suspended impurities like 
fine sand and clay particles, .and (b) the 
dissolved impurities such as salts of sodium,'^ 
potassium, calcium and magnesium, and 
the gases such as oxygen, nitrogen, ammonia" and carbon-dioxide 
(page 47). The suspended impurities are removed by sedimentation 
and fdtration. Water sufficiently pure for most chemical purposes 
IS purified by distillation in a copper vessel fitted with a copper 

or tin condenser. The 
distilled water, thus 
prepared, is free from 
dissolved solids, but still 
contains the dissolved 
gases, ammonia and 
carbon dioxide mainly, 
and a trace of alkali 
dissolved Trom the glass 
container. Presence of 
nitrogencous organic 
matter in water gives 
traces of ammonia on 
distillation. To obtain 
still purer water, 
ammonia is first 
removed by passing chlorine into the boiling distilled water for some 
time. The chlorine is then boiled out, and the water re-distilled after 
the addition of a strong solution of potas^um permanganate and 
caustic potash to oxidise the organic impurities, if any, using a tin or 
a silver cemdenser. The first and last portions of the distillate are 
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rejected — only the middle portion is collected in previously steamed 
good Jena or pyrex glasses. This is pure water or what is called 

conductivity water. 

For common laboratory use, water is distilled in a copper automatic still 
(distilled water plant, fig. 74). 

Very pure water may be obtained by partially freezing distilled water and 
collecting the icc — the soluble impurities remaining in unforzen water. 

Properties of water. — ^i) Pure water is a clear liquid, tasteless 
and colourless in small quantities but faintly blue when viewed in 
thickness. The m.p. of ice, 0 °C, and the b.p. of water, 100 ®C, serve 
as the standard points in thermometry. Pure water is almost a 
non-conductor of electric current, since it is very slightly ionised into 
hydrogen and hydroxyl ions : HoO H *' + 011 *“ ; the 
conductivity is, however, increased by the addition of cleclrolyles. 

(ii) Water is a stable exothermic compound : 2H2+Oa ~ 2H2O 
(steam) +2 X 58,000 calorics. It may be decomposed into its elements 
at a very high temperature (2000°C or above) by electric sparking 
or in contact \Vith a white hot platinum. A mixture of hydrogen 
and oxygen in the ratio of 2 to 1 by volume, obtained by electrolysis, 
is known as electrolytic gas. 

Water iz decomposed by chlorine in presence of bright sunlight : 
21120 + 2CI2 4 HC 1 + O2. 

It may be decomposed by many metals and carbon, and also by 
electrolysis (p. 10). ^ 

(iii) Water readily forms crystals of definite composition, called ' 
hydrates (p. 53 ), with many substances, c.g., oxalic acid, C.,H204,2IL>0 ; 
blue vitriol, CuS04,5H20 *— the combined water in these compounds 
is the w ater of crystallisation (p. 54 ). 

(iv) Water is a good solvent, particularly for the acids, bases 
and salts. It •dissolves acidic oxides yielding acids, and basic oxides 
producing hydroxides. Maiiy substances undergo hydrolysis (p. 61 ) 
witif water : PCI3 + SHgO = H3PO3 (phosphorous acid) + 3 HC 1 . 

(v) Trace of moisture is a necessary catalyst in many reactions. 

(vi) The usual absoi bents for moistuie arc fused CaClg, 
concentrated H2SO4, silicagcl, PoOj and magnesium perchlorate — of 
them the last two arc the best. 

Detection and purity of water. — ^Water may be detected bv its physical 
properties : freezing point, boiling point and density. Pure water freezes at O'^C 
and boils at 100®C at 760 mm. pressure. Trace of water is detected by the blue colour ^ 
it gives with white anhydrous copper sulphate. A lump of freshly burnt quick lime, 
on being sprayed with water, crumbles to powder with a hissing noise and evolving 
much heat. 

CaO (quick lime) + HjO = Ca(OH)3 (slaked lime). 

Pure water leaves no residue on evaporation, so abo does not a sample of distilled 
water— ordinary tap water, hbwever, leaves a solid residue on evaporation. Tho 
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tests for chloride, sulphate, calcium and ammonia are negative for pure (or distilled) 
water but are usually positive for tap water, as shown below : 


Tests for : 

4 

j 

Rcagcat added 

! 1 

j Tap water \ 

j ■ 

Distilled 

water 

(i) Chloride 

AgNOs solution -h dilute UNOa 

White turbidity | 

Nil 

(n) Sulphate 

BaClg solution -f- dilute HCl 

White turbidity j 

Nil 

{iii) Calcium 

Ammonium oxalate solution 
-h dilute acetic acid 

While turbidity 

• Nil 

(tv) Ammonia 

Nesslcr’s reagent 

Brown colouration 

Nil 

j 


Composition of water. — ^Water was first shown to be a 
compound of hydrogen and oxygen by Cavendish in 1781. The 
composition of water can be arrived at both analytically and synthetically. 

Analytical method. — Volumetric composition. — Electrolysis 
is a ready means of showing that water is made up of two volumes of 
hydrogen and one volume of oxygen (p. 10). 

Synthetic method. — ^The determination may be carried out by 
(a) volumetric Tina ih) gravhjie trie ^methods. 

Volametric Composition. — (i) Cavendish’s experiment.- -Cavendish’s 
experiment (1781) was the first to show that water is formed by 
igniting a mixture of hydrogen and oxygen in the ratio of 2 to I 
by volume by means of an electric spark. The apparatus he devised 
was a pear-shaped glass vessel, having two platinum wires sealed 
at the top for sparking and provided with an air-tight stop-cock 
at the bottom. The vessel was exhausted of air, and then connected 
to a bell-jar invertetl over water and containing a mixture of 2 volumes 
of hydrogen and one volume of oxygen. Communication was set 
up between the two vc-sscls by opening up the two stop-cocks, when 
the gas mixture flowed into the pear and filled it. The stop-cockswere 
then closed and a spark passed — the gases combined with explosion 
and moisture was seen inside the pear. This left a vacuum ag^in, 
and on opening the stop-cocits, some more ggs streamed into the 
pear. Ihc stop-cocks were closed and the gas exploded as before. 

By repealing the process the whole of the gas mixture was converted 
into water, and then on opening the stop-cocks the pear at}^ 
the belt- jar were completely filled with water. The experiment, 
thus showed that water was made up of 2 volume of hydrogen* 
and 1 volume of oxygen (fig. 75). Cavendish’s experiment is of 
historical interest only. Cav'cndish’s experiment was defective in 
as much as the gas mixture was collected over water. 

Cavendish’s experiment may be demonstrated in a eudiometer 
at the closed end of which two platinum wires arc sealed for sparking. 

A certain volume of 2 : 1 hydrogen-oxygen mixture is collected, 
by the displacement of mcrcuiy% in the eudiometer standing over 
the liquid in a trough. The eudiometer is then held firmly against 
a rubber pad in the trough, and an electric spark passed. The 
reaction takes place with explosion, and drops of water appear on 
the walls of the tube after cooling. On releasing the g;ubc from the 



Fig. 75 
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pressure against the pad, mercury rushes in and com 
pletely fills the tube. Hence water is made up of 2 
volumes of hydrogen and 1 volume of oxygen. The 
result confirms that found by electrolysis (fig. 76). 

(ii) Hofmann’s experiment. — ^The ex- 
periment is carried out by sparking a certain . 
volume of 2 : 1 hydrogen-oxygen mixture at a • 
temperature higher than the condensing point of 
steam, 100°C, to obtain the volumetric relation 
between hydrogen and oxygen and the steam 
produced. 

A mixture of 2 volumes of hydrogen and 1 
volume of oxygen is introduced into the closed - 
limb of a U-tube (fig. 77), by the displacement 
of mercury. The closed limb is covered with 
Fig. 76 a wider tube through which passes the vapour of 

amyl alcohol boiling at 132°G. When he 
temperature has become steady, the volume of the gas mixture it 
noted by adjusting to equality the levels of mercury in the two limbs. 
The open limb is then closed firmly MmyiAicohos 

by the thumb ^ and a spark is sent 
in the gas mixture from an induction 
coil, by means of platinum ivires sealed 
at the top of the closed limb. There 
is an imjmcdiatc contraction bn 
sparking. The levels of meicury are 
again adjusted to equality after the 
explosion and the volume noted — it is 
two-third the original volume of the 
gas mixture. 

The vapour of amyl alcohol is then 
cut off, when the temperature gradually 
falls below the condensing point of 
steam, (100°C) ; mercury slow^ly rises 
up and finally fills the closed limb 
completely — two-thirds the volume after 
explosion is, therefore, occupied by 
stcanf. 

Formula • of steam. — F r o m 

Hofmann’s experiment it follows that : Fig. 77 

2 vols. hydrogen ,+ 1 vol oxygen = 2 vols. steam. 

By Avogadro’s hypothesis, therefore 

2 mols. hydrogen + 1 mol. oxygen ~ 2 mols. steam. 

1 mol. hydrogen H + J mol. oxygen == 1 mol. steam. 

2 atoms of hydrogen -|- 1 atom of oxygen = 1 mol. steam, 
since both hydrogen and oxygen molecules arc diatomic. 

/. the molecular formula for steam is HgO. Now, the vapour 
density of steam as found by experiment, is 9 and hence its molecular 
weight 18, which agrees with the formula H 2 O for steam. 





OXYGEN, HYDROGEN AND WATER 


iW^ 


The experiment only proves that the formula for steam is HjO. Water is 
an associated liquid and contains the molecules, (H20)2» (H20}a and possibly 

(HaOe. 

Gravimetric composidon. — ^Dumas’ experiment. — The 

composition of water by weight was first accurately determined by 
Dumas in 1842. The 
method is based upon the 
formation of water by the 
reduction of heated copper 
oxide by means of 
hydrogen ; 

CuO-hlia-Cu+HaO 

Hydrogen is prepared 
by the action of zinc upon 
dilute sulphuric acid in a 
Woulfe’s bottle F, and 
purified and dried, as 
described under hydrogen 
(p. 185). 'fhe pure and 
dry hydrogen is passed 
over heated copper oxide 
contained in a vacuous 
glass bulb, B, (shown on 
a larger scale above) 
provided with a long 
neck -- the bulb with the 
coi^pcr oxide being pre- 
viously weighed. The neck 
of the copper oxide bulb 
(fig. 78) is connected with 
a previously w'eighed glass 
bulb, B', and an absorp- 
tion system of three pre- 
viously weighed U-tubes, 

T 7 , Tg and T 9 ; the first 
one contained solid caustic 
potash and the last two 
phosphorus pentoxidc — a 
guard tube l\o of 
phosphorus pentoxidc 
which is not weighed 
being attached to the far 
end of the absorption 
system to prevent the 
entiy of moisture from the 
air. The hydrogen is 
oxidised to water which 
formed steam — the steam is partially condensed and collected in the 
bulb, B', and the vapour absorbed in the three U-tubes T 7 , Tg and 



Fig. 78 
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T9. The apparatus is cooled in a current of hydrogen after the 
experiment — the hydrogen is then displaced by air. The bulb B' 
and the three U-tubes are weighed again after the experiment — the 
incicasc in weight gives the weight of water formed. The copper 
oxide bulb B is then exhausted and weighed — the decrease in weight 
gives the weight of oxygen used to produce the water : 

From these results the ratio of the combining weights of oxygen and hydrogen 
is calculated thus : 


Loss of weight of copper oxide bulb = weight of oxygen 0 gm. 

Weight *of water formed — weight of oxygen weight of hydrogen = h gm. 

the ratio of the combining weights of oxygen and hydrogen -- 0/h. 

Dumas found the ratio, oxjygen : hydrogen ~ 7.89 : 1. 

The ratio may be roughly taken to be equal to 8 : I, then 

8 a X atomic weight of oxygen , ,1 . . r.u 

= L - • Z — — i - - w'hcre a/b is the ratio ot the 

1 b X atomic weight of hydrogen 

atoms of oxygen and hydrogen in a molecule of water, 

8 axl6 . a 1 

•• T Ax 1 2 


' the molecular formula of water is H 2 O. This is confirmed by tlctermining 

its vapour density which is found to be 9 : hence the molecular weight 18 which 
supports the formula HaO. 

Dumas’s determination is subject to at least two errors — (i) the sulphuric acid 
used to prepare hydrogen contained a little dissolved oxygen wliicli was reduced to water 
without producing a corresponding loss of weight of tlic copper o.xidc bulb, and 
(ii) a little hydrogen remained occluded in the reduced copper when cooled in the 
gas. 

The most exact experiment on the gravimetric composition of water was carried 
out by Morley who obtained the ratio of oxygen to liydrogen to be equal to 7.9396 
to 1. The experiment is described under chemical equivalents (p. 96). 


Exercises 

1. How would you prepare a specimen of oxygen from potassium chlorate ? 
What experiments would you perform to demonstrate its principal properties ? 
How would you show that the residue left after obtaining the oxygen (a) is a chloride 
and (b) contains potassium and chlorine ? 

2. Outline briefly the characteristic properties of various classes of oxides. On 

what evidence is sixliiitn peroxide cla.sscd as a peroxide, carbon dioxide as an acidic 
oxide, mercuric oxide as a basic oxida? Punjab ^ 1945 

3. Ho*v is oxygen obtained on a large scale ? What arc its uses ? Mention 
three compounds wliich give off oxygen in a fairly pure slate when heated, and write 
equations for their tlccora position. 

4. Describe h<yvv you would prepare in the laboratory a.s pure a specimen of 

hydrogen as possible. What is meant by occluded hydrogen ? How would you 
show (a) that water is fonhed when hydrogen is burnt in air, and (b) that hydrogen 
is a reducing agent ? Calcutta, 1939 

5. Describe methods for the preparation of hydrogen by the action of metals 
ur*on (a) cold water, (b) steam, (c) alkali, and (d) a dilute acid. Whal is meant 
by nascent hydrogen ? Describe experiments to show that it is a more powerful 
reducing agent than ordinary hydrogen gas. 

6. What are the common impurities which may be present in fresh water taken 

from natural sources ? How do they affect the suitability of the water for domestic 
purposes ? Indicate how you would purify it (a) for industrial purposes and (b) for 
drinking purposes. CalaUta, *39 
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7. What is meant by hardness of water ? What is the liardness due to ? What 
arc the disadvantages of hard water used (a) in the lauiidrv ; (b) in a boiler ? 
Describe the various methods of the removal of hardness of water. 

• Bombay, 1947 

8. Describe experiments for determining the volumetric composition of steam. 

How would you therefrom deduce its molecular formula ? Calcutta, 1951 

9. Write equations to show the action of water upon the following substances — 
a) calcium carbide, (h) sodium peroxide, (c) phosphorus pentoxide, (d) sodium, 

(c) calcium hydride, (f) iron, (g) magnesium, (h) zinc. 

10. Outline the methods adopted for the removal of (a) a trace of oxygen from 
hydrogen, (b) a trace of chlorine from oxygen, (c) a trace of nitrogen from hydrogen, 

(d) a trace of oxygen from nitrogen, and (e) a trace of moisture from hydrogen. 

11. How is ditilled water prepared ? How would you proceed to test its 
purity ? How can you distinguish it from ordinary drinking water ? Explain why 
in a chemical laboratory solutions arc always made with distilled water. 

Calcutta, 1955 

12. How and under what conditions docs water react with : magnesium, 
calcuim, iron, and carbon ? How would you test if a sample of a liquid is water ? 

i?' • action of heat on : potassium nitrate, lead nitrate, and 

sulphuric acid. How you would show that potassium chlorate contains potassium, 
chlorine and oxygen ? What volume of oxygen at N.T.P. is produced by heating 
10 gm. of potassium chlorate ? Ans. 2743 

14. Explain what happens when : ^ 

(a) water is added by drops on pellets of sodium peroxide. 

(b) a solution cf potassium permanganate acidified with dilute sulphuric acid, 
IS gradually added to a solution of hydrogen peroxide. 

(c) a paste of bleaching powder is warmed with a few d^ps of cobalt chloride 
solution. 

(d) a mixture of potassium chlorate and manganese dioxide is heated. 

(c) a piece of feebly burning phosphorus put into ajar of oxygen, and its contents 
then shaken with a few drops of blue litmus solution. 

(f) air is shaken with alkaline pyrogallate in a tube. 

(s) zinc oxide is healed with a strong solution of caustic soda. 

(h) red oxide of mercury is strongly heated in a tube. 

(i) a jar of nitric oxide i:; exposed to air. 

(j) ^ glowing piece of charcoal is introduced into ajar of oxvgen, and its contents 
then shaken with lime water. 

15. Explain what happens when : • 

(a) pellets of sodium arc added to a*dilutc solution of caustic soda. 

(b) hyilrogcn is passed over heated calcium, and the solid product (bat is formed, 
IS treated with water. 

(c) aluminium shavings are boiled with a 20 per cent solivtion of caustic soda. 

(d) a pen-kniie is dipped into a solution of ferric chloride containing hydrochloric 

(e) tin-foils arc boiled with sUong hydrochloric acid. 

(f) chlorine-water is exposed to sun-fight. 

What volume of hydrogen at N.T.P. is liberated bv treating 1 gram-atom of 
magnesium with dilute sulphuric acid ? ' Am, 22.4 litres. 



XVIII 

OZONE AND HYDROGEN PEROXIDE 
Ozone 


Ozone is an allotropc of oxygen. Formula O 3 . Density 24. Boiling point 
— 112.4®C ; oxygen boils at ~183‘^’C. Melting point — 249.7“C. 1 volume of water 
at 0° dissolvei|^ 0.49 volume of ozone. 

Dtecovery.— In 1785 Van Marum noticed a peculiar smell near a frictional 
electrical machine in action, and in 1840 Schonbein attributed this to a new gas, 
called ozone ( == 1 smell). 

Formation and Occurrence. — Ozone is formed : (i) by the electric discharges 
as well as by the action of ultra-violet rays upon oxygen, and hence its presence i:i 
the upper layers of the atmosphere ; 

(ii) during the electrolysis of acidulated water at low temperature — ozonised 
oxygen is liberated at the anode ; (iii) during the slow oxidation of white phosphorus 
and turpentine oil in air ; and (iv) by immersing a hot platinum w'irc in liquid oxygen. 
Besides, ozone is formed when fluorine reacts with water at 0"C. 


‘ Laboratory preparadoti. — Mixed with oxygen, ozone is best 
prepared in the laboratory by the action of silent electric discharge 
upon puie and dry oxygen — oxygen is partially converted into ozone : 

3O2 203—68,000 calorics. 

• 

The change is end{»thermicy and hence the formation of ozone is favoured at high 
tcmixjraturc. But since ozone tends to decompose at the ordinary temperature, 
it must be rapidly cooled after its formation at high temperatures. Heat generated 
by spark discharge would completely decompose ozone, and hence silent discharge 
is used. Minute sparks of silent discharge is obtained by inserting an insulating 
material like gla.ss, in the gap through which spark is sent, and the local heat is thereby 
avoided. Temperature must be kept low during ozonisntion — indeed any discharge which 
beats the gas to 200^C is useless for making ozone. By cooling the ozoniser at 0^ 
and avoiding sparks the yield of ozone may be increased — as much as 50% by weight 
of oxygen may be ozonised. 

Two types of ozonisers are usually used, Siemens’ and Brodic’s : 


(a) Siemens’ ozoniser. — It consists of two coaxial glass tubes — 
the outside of the outer and the inside of the inner tube being coated 


Oiygtit 



Fig. 79 

ozone — the issuing gas turns 
conversion is less than 10 per cent. 


A^ith tin foils (fig.- 79). A slow 
current of pure and dry oxygen is 
slowly passed thiough the annular 
space between the lubes and 
subjected to silent electric dischargees 
by connecting the tin foils to the 
terminals of an induction coil. 
Oxygen is partially converted into 
starch iodide paper blue. The 


(d) Brodie’s ozoniser. — It consists of two concentric glass 
tubes — the inner tube, closed at the bottom, fitting into the outer by 
a ground glass joint. The inner tube is filled with dilute sulphuric 
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acid and the outer tube is kept immersed in a jar of dilute sulphuric 
acid. A slow current of pure and dry oxygen 
is passed through the annular space between 
the two tubes and subjected to silent electric 
discharges by dipping the copper leads from cxygen 
an induction coil in the sulphuric acid. 

Oxygen is partially ozonised — the conversion 
may be as high as 20 per cent ffig. 80). 

Ozone may be obtained by electrolysis of ice-cold 
dilute sulphuric acid with a high current density. 

Concentration of ozone in the gas liberated at the 
anode (a thin platinum wire) is about 15 per cent. 

Pure ozone. — When ozonised oxygen is passed 
through a tube cooled in liquid air, it condenses to 
a deep blue liquid which is a solution of ozone in liquid 
oxygen. Fractional distillation of this liquid along 
with the simultaneous pumping off the oxygen yields 
dark blue pure liquid ozone, which on careful evaporation 
gives deep blue pure gaseous ozone. Fig. 80 

Industrial Preparation. — Dry air is subjected to the influence of silent high 

tension electric discharge*' in 
Siemens and Halske ozoniscr, . 
fig. ol. Each ozone tube consists 
of a glass or porcelain cylinder 
surrounding a cylinder of 
aluminium — six to eight of such 
tubes ar^ fitted into an iron box 
through which water flows for 
cooling purposes. The aluminium 
cylinder are charged to a 
potential of 8,000 to 10,000 
volts, the glass cylinders 
being put to earth through the 
surrounding water and iron 
box. Dry air enters at the 
bottom, passes through the 
ozone tubes and is drawn ofT 
from the upper chamber as 
ozonised air containing about 
2 gms. of ozone per cu. m. — 
with .pure oxygen 120 — 180 gms. 
are obtained. 

For a satisfactory yield of ozone — (a) air must be perfectly and freed from 
dust particles, (b) temperature must be kept low, and (c) sparking must be rigorously 
avoided. • 

Properries. — (i) Ozone is a deep blue gas \vith a fishy smell ; 
it may be condensed to a dark blue cxplqsive and highly magnetic 
liquid. 

(ii) Slightly soluble in tvatcr (but more soluble than oxygen), 
1 volume of water at 0^ dissolves 0.49 volume of ozone. Unlike 
oxygen it dissolves in organic solvents like acetic acid and carbon 
tetra chloride ; ozone is also readily soluble in turpentine oil which is an 
absorbent for the gas. Ozone is heavier than air and oxygen. 

(iii) Stability. — It slowly decomposes at the ordinary temperature 
and rapidly at about SOO'^C into oxygen. The decomposition is 
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catalytically accelei'atcd in presence of dust and organic matter and 
many finely divided substances, such as platinum black, silver oxide, 
manganese dioxide and powdered glass : 2O3 SOg. 

(iv) Oxidising agent. — Much more active than oxygen, ozone 
is a powerful oxidising agent, thus : (a) It oxidises lead sulphide to 
lead sulphate, ferrous salts to ferric salts, nitrites to nitrates, and 
liberates iodine from acidified potassium iodide solution : 

PbS +403 == PbS04+402 ; NaNOa+Og = NaNOg+Oa. 

2FCSO4+H2SO4+O3 - Fea(S04)3+Ha0+02. 
2KI+2HCl-f03 -:2KCl+l2+H20+02. 

In these reactions only one atom of oxygen in the molecule of 
ozone is active. 

(b) It also oxidises sulphur dioxide to sulphur trioxidc, and 
stannous chloride to stannic chloride, in which the whole of ozone 
molecule is absorbed • 

3SO2+O3 = 3SO3 ; 3SnCl2+6HCl+03 -= SSnC^+SH.O. 

(c) Most metals, except gold and platinum, ai'c oxidised bv 
•ozone at ordinary temperature ; mercury loses its mobility in contact with 
*ozoae due to the formation of mercurous oxide : 

2Iig-!-03 = Hg^O+O^. 

When mercury is shaken in a clean dry flask of ozonised oxygen, the metal adheres 
■to the glass as a mirror. On being shaken with water, the mercury is restored to its 
■original form. Ozone forms a layer of brown oxide on the surface of silver : 
2Ag 4-03 = AgaO + O 2 This reaction may sene as a sfjecific test for ozone. 

(d) Ozone oxidises moist sulphur and phosphorus into sulphuric 
and phosphoric acids respectively ; moist iodine is converted to iodic 
acid: l2+503-fH20 — 2HIO3+5O2. Ozone liberates halogens 
from their hydracids : 2HCI+O3 Cl.^+HoO-i-O,. 

The liberation of iodine from potassium iodide takes place in a 
'neutral solutioHy which ihen becomes alkaline. 

. O34-2KI+H2O = 2k0lI+02+l2. 

It bleaches vegcfcible colours by oxidation— indigo is bleached 
coloui less by ozone.« 

(vi) Reducing propjerty.— It behaves as a reducing agent 
towards hydrogen peroxide, barium peroxide, etc.— but it is without 
action upon potassium permanganate or dichr ornate. 

BaOg+Og - BaO+202. HsOo-fOa = H2O+2O2. 

Strictly speaking, it is not a reducing agent, since it is also reduced during the 
reaction. ® 

(vii) Ozone combines additively with unsaturated organic 
compounds containing a double bond, e.g., ethylene, turpentine and 
benzene, to form ozonides. 
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HgC = CHa (ethylene) +O3 = HaC— O— CH j (ethylene ozonide). 

d d 

Ozone rots rubber, since the latter contains unsaturated organic compound. 

Tests. — (i) Besides its fishy smell, the action of ozone on mercury is distinctive — 
even a trace of ozone causes mercury to stick to glass and to become dull in- 
appearance. 

(ii) Like other oxidising agents, such as chlorine, nitrogen pTiroxide, hydrogen 
peroxide, etc., ozone also liberates iodine from potassium iodide. Consequently, 
the liberation of iodine from potassium iodide is not specific in the detection 
of ozone. 


Filter papers soaked in alcoholic solutions of tetra methyl base (tctra-mcthyl-p-p'- 
diamino-diphenyl methane) and benzidine are coloured as stated below : 


Reagent 

Ozone 

Halogens 

Oxides of nitrogen 

Tclramethyl base 

violet 

blue 

* 

yellow 

Btinzidinc 

j brown 

blue, then red 

blue “ 


These papers arc unaffected by hydrogen peroxide. 

Absorbent. — Oil of turpentine, and oil of cinnamon. 

Uses. —fa) Ozone is a disinfectant, and hence its use in the sterilisation of water 
and the purification of air in crowded halls, hospital chembers and underground 
railways— except at extreme dilutions (some 20 parts per million) ozone, however, 
attacks mucous membrane and causes headache. 

(b) Ozone is used in the bleaching of oils, wax, ivory, flour, etc. 

fc) For oxidation processes, c.g,, potassium manganaie to permanganate ; 
2KoMnO| + H.X) + O 5 - 2 KMn 04 + 2KOII + O 2 , and iso-cugcnol to vanilin 
whicli is used as a flavouring agent. Sterilisation of water is its most important 
use — a plant in Paris treats 24,000,000 gallons daily. 

Formula of ozoce. — Pure and dry oxygen can be made into 
ozone by silent electric discharge, and the ozone, in its turn, can be 
converted back into oxygen only by heat. The ozone, therefore, is a 
Tuodificalion of oxygen only. Formula for ozone was fiist determined 
by Sore I in 18G6 by the follc^wing experiments : 

(a) Kqual volumes of the same specimen of ozonised oxygon are takpn in two similar 

fl.isk'^ c.c. capac itv) witli long graduated necks dipping under water. Turpentine 
is admitted into oru! flask which absorbs the ozone, prodweing a contraction of, say, 
X c.c. Tiic other flask is heated until the ozone is complctcjly converted into oxygen, 
causing an expansion of x/2 c.c. The contraction on absorption is twice the expansion on 
heating, that is, • 

X c.c. ozone decomposes into x+x /2 c.c. of oxygen. 

1 c.c. of ozone produces IJ c.c. of oxygen. 

By Avogadro’s hypothesis, therefore, 

1 molecule of ozone produces IJ molecules of oxygen, i.c., 3 atoms of oxygen, 
lienee the molecular formula for ozone is O 3 . 

(b) The formula of ozone was confirmed by Soret by applying Graham’s law 
to the diffusion of ozone from ozonised oxygen. Ozone from ozonised oxygen and 
chlorine from a mixture of chlorine and oxygen, were each allowed to diffuse into 
pure oxygen. The relative rate of diffusion each gas is given by the relation v/V. 
where v is the volume of gas diffusing in a given time, and V the original volume 
the gas in the mixture, v and V were found out as follows : A cylinder (250 c.i 
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capacity) filled with ozonised oxygen is separated from a similar cylinder containing 
pure oxygen by a plate pierced with a hole (5 m.m. in diameter). Ozone is allowed 
to diffuse from the first into the second cylinder for a given time (45 minutes). The 
volume of ozone in each cylinder is then determined by absorption with turpentine 
—let Vj and V2 be the volumes of ozone in the first and second cylinder after the 
experiment, then relative rate of diffusion of ozone, v/V = + V3). The volume 

of TOone may also be calculated from the amount of iodine liberated by potassium 
iodide by the gas in each cylinder. The experiment was repeated with a mixture 
of chlorine and oxygen — chlorine was calculased from the amount of iodine liberated 
from potassium iodide. Relative rases of diffusion were found to be : chlorine 
0.227, and ozone 0.271. 

By applying Graham’s law of diffusion and taking the relative density of chlorine 
as 35.46 and that of ozone as x, 

Vx : ^35.46 = 0.227 ; 0.271, and x = 24.9. 

Molecular weight of ozone ~ 2 X relative density == 49.8. This corresponds, 
with the formula O3. 

Vapour density of pure ozone, as determined by Dumas* method, was found 
to be 24 by Riesenfeld in 1922. This confirms the formula O3. 


9}ewth’s apparatus. — ^The composition may be conveniently 
determined by the appsratus devised by Newth (1896). It consists 
of two concentric glass tubes — fitted into one another by ground 
glass joint. The space between the two tubes is filled with pure and 
dry oxygen — its volume being noted by a sulphuric 
^acid manometer in communication with the outer 
tube. A thin glass tube containing turpentine 
oil is held in the annular space by projections 
from the inner and outer tubes ^fig. 82). The 
inner tube contains some dilute sulphuric acid. 
The apparatus is placed in a vessel containing 
crushed icc and water. Two wires connected 
with an induction coil dip in this vessel and the 
inner tube ; on passing a silent electric discharge, 
oxygen ozonises with a contraction in volume 
^vhich is read on the manometer. The tube 
containing turpentine is then broken by rotating 
the inner tube, wiien a further contraction due to 
absorption of ozone takes place. The contraction 
Qn absorption is twice that on ozonisaiion. 

Let the contraction on ozonisation = x c.c. 
the contraction on absorption ~ 2x c.c. 
total contraction due to the 
disappearance of oxygen =>= 3x c.c. 
volume of ozone formed = 2x c.c. 
i.e., 3 vols. of oxygen suffer a contraction of 1 vol. to give 
2 vols. of ozone, or in other words, 

2 vols. of ozone = 3 vols. oxygen. 

By Avogadro’s hypothesis, therefore, 



2 mols. of ozone — 3 mols. of oxygen, 
or J mol. of ozone == 1 J mols. of oxygen, i.e., 3 atoms of oxygen. 
/. the formula for ozone is O3. 
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Allotropy. — ^Both oxygen and ozone contain the same clement 
but they differ markedly in their properties. They are called 
allotropes — ozone is the allotropic modification of oxygen. 

The properly of an element to txist in different forms which differ more 
or less in their physical properties and to some extent in chemical properties is 
called allotropy. 

Allotropy may be due to difference in the number of atoms in the 
molecule, as in the case of ozone and oxygen ; it may also be due 
to the difference in the arrangement of atoms in the molecule — the 
different allotropes, however, containing the same number of atoms in 
the molecule, as is found in the case of carbon and sulphur. Besides 
oxygen, carbon and sulphur, the elements nitrogen, phosphorus, 
silicon, tin, iron, etc. also show allotropy. 

Different allotropes differ in their energy content. Rhombic 
sulphur, for example, is converted into monoclinic sulphur on heating, 
hence the latter contains more energy than the former. ^ 

The same solid substance, elementary or compound, may exist in different 
crystalline forms. This phenomenon is called polymoriMsiii. The existence of 
red and yellow varieties of mercuric iodide, arth Ihe occurrence of silicon dioxide 
as quartz, sand, etc. are examples of polymorphism. Polymorphism in the case 
of an element is called allotropy — the term allotropy is, however, applied in the 
case of an element, be it solid, liqiiid or gaseous. 


Oxidation and Reduction 


^bxidation.-XThe term oxidation is usually used to describe 
reactions which involve the addition of oxygen to a substance, such as 
the combustion of carbon into carbon dioxide, the conversion of 
ferrous oxide into ferric oxide : the electro-negative element oxygen 
is the oxidising agent in the above illustration, C + O2 = COg ; 
4FcO + O2 == 2FC2O3. Oxidation has, however, a much wider 
significance. Since oxygen is a typical electro-negative element, 
the term oxidation has been extended to include all reactions involving 
the addition of any electro-negative element or radical, such as 
sulphur, chlorine, sulphate radical, etc. Thus* the conversion of 
ferrous and cuprous chlorides into ferric chloride and cuprig chloride 
respectively, is regaided as typical oxidation reactions. 


2FcCla+Clj = 2FeCl3 ; 2CuCl+Cl2 = SfuCl, 

The ratio of the electro~negative or non-metallic to the eUctro-positive 
or rrutallic atoms or groups of a substance is, therefofe, increased in oxidation. 
The removal of hydrogen or the metallic part i.e., the electro-positive 
atom or radical from a compound also increases the ratio. Therefore 

{fixidation is a reaction which involves (i) the addition or increasing the 
proportion of oxygen or any electro-negative element or radical to an element 
or a compound, or, (fi) the removal or decreasing the proportion of hydros 
or any electro-positive element or radical from a compound. 

niustrations. (i) Addition of oxygen. — Heated in air or 
oxygen, rose-red copper is converted • into black cupric oxide. 


2Cu-f-Os =. 2CuO. 
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Copper is oxidised to cupric oxide, since it gains oxygen. 

(ii) Addition of electro-negative element or radical* — 
(a) Stannous chloride is oxidised to stannic chloride by the addition 
of chlorine ; Ferrous chloride is similarly oxidised to ferric chloride 
by chlorine : 

SnCJ2+Cl2 = SnCl4 ; 2FeCl2+Cl2 = 2FeCl8 
(b) Aridified solution of ferrous sulphate is oxidised to ferric 
sulphate by hydrogen pei oxide — the sulphate radical is increased in 
proportion to the iron in the ferric sulphate. 

2FcS04+H2S04+Ha02 = Fe2(S04)3+2H20. 

. (iii) Removal of hydrogen. — Hydrochloric acid is oxidised to* 
chlorine^ when heated with manganese dioxide ; strong sulphuric acid 
liberates iodine from hydriodic acid ; ammonia can be oxidised to 
nitrogen by chlorine. 

4 HC 1 +Mn 02 == MnCl2+2H20+Cl2, 

2HI+H2SO4 = S03+2Ha0+l2. 

2 NHi+ 3 Cl 2 = GHCl+Ng. 

(iv) Removal of electro-positive element. — Hydrogen peroxide 
liberates iodine from a solution of potassium iodide — potassium iodide 
is being oxidised to iodine : H2O2+2KI = 2KOH+I2. \ ) 

^ ^ Reduction. — Reduction is the exact opposite of oxidation. The 
ratio of the metallic or electro-positive to the non-mctallic or electro- 
negative atoms or groups of a substance is, therefore, increased in 
reduction. Therefore : 

Reduction is a reaction which involves ^i; the addition or increasing the 
proportion of hydrogen or any electro-positive element or radical to an element 
or a compound, or (ii) the removal or decreasing the proportion of oxygen or 
any electro-negative element or radical from a compound, 

niustrations* — (ii) Addition of hydrogen. — Halogens arc 
reduced to their hydracids by hydrogen sulphide and sulphur dioxide. 
^Chlorine, for example, is reduced to hydrochloric acid by the addition 
of hydrogen, and sulphur precipitates when hydrogen sulphide is 
passed into chlorine water. * 

aj+HjS 5 FIC 1 +S ; CI2+SO8+2H2O = 2HCI+H2SO4. 

(ii) Addition of electro-positive clement. — (a) Cupric chloride 
is reduced to cuprcftis chloride by nascent hydrogen 6r sulphur 
dioxide ; 

2 CuCla+ 2 H = CU2CI2+2HCI. 

2 CuCls+S 02 + 2 Ha 0 = Cuaa2+H2S04+2HCl. 

C^On being heated with mercury, mercuric chloride is reduced to 
the mercurous chloride : , HgClj+Hg = HgjClg. 

(b) White,, insoluble mercurous chIori<.te^ is precipitated when 
Stsittoodt cbloi^e is added, to mercuric chloride solution : 

2 HgC 3 ,+Sna, » Hg,a, 4 -snca 4 , 
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(iii) Removal of oxygenu — Hydrogen reduces heated copper 
oxide to metallic copper : GuO+Hs = Cu+HaO. 

Aluminium powder reduces heated iron oxide to iron by the 
removal of oxygen : Fe208+2A1 = 2Fc+Al20a. 

(iv) Removal of electro-negative element or radical. — 

Stannous chloride reduces a hot solution of ferric chloride to the 
ferrous state. Aluminium chloride is reduced to aluminium by 
heated sodium. • 

2 FcCl 3 +SnCla = 2 FeCl 2 +SnCl 4 ; AlClj+SNa = Al+ 3 NaCl. 

Ferric chloride (or sulphate) is reduced to the ferrous state by 
nascent hydrogen : 

FeCla+H=FeCla+HCl; Fca(S04)8+2H = 2FeS04+HaS04 U 
Process of oxidation and reduction always occur 
simultaneously — ^whenever one substance is oxidised, another 
substance must be correspondingly reduced, and vice versa. Thus, 
when carbon monoxide is passed over heated cupric oxide, copper 
and carbon dioxide are produced — carbon monoxide reduces copper 
oxide to metallic copper by the removal of oxygen, but is itself oxidised 
to carbon dioxide by taking up oxygen : CuO+CO = Cu+COa- 

Sulphurous acid is oxidised to sulphuric acid by hydrogen peroxide but the latter 
itself is reduced to water by loss of oxygen : 

H,SOa + H,0, = HjSO^ + H»0. 

Mercuric chloride is reduced to mercurous chloride by stannous chloride but 
stannous chloride is oxidised to stannic chloride by the addition of chlorine. 

2HgClt + SnCl, = HgaCl, + 

^An oxidising agent is a substance which brings about the 
oxidation of another substance and itself gets reduced ; while a 
reducing agent is one which brings about the reduction of another 
substance but itself gets oxidised. 

Emmplcc of m few oxidlsiag agents are : — (a) ozone and osygei ; 

2KI + O, + H,0 = 2KOH + I, + O, ; 2Mg + O, 2MgO. 

(b) Hydrogen peroxide : PbS + 4H,Ot == PbS04 + 4H2O. 

(c) Hedogens : I, + H,0 + H,SO, = 2Hl + H,S 04 . % 

(d) Potassium perman^mate in acid medium oxidises ferrous salts to the ferric 
state 

2KMn04 = K2O + 2MnO + 5,0 * 

K,0 + 2MnO + 3H4SO4 = K,S04 + 2MnS04 + 
lOFcSQ* + 5H,S04 + 5,0 = 5Fc,(S04)a + 5H,0 

2KMn04 + IOFCSO4 + 8H2SO4 = K,S04 + 2MnS04 + 5Fc2(S04)» + 8HtO, 

(e) Potassium dichromate in acid medium oxidises hydrogen sulphide to sulphur : 

K,Cr*0, K,0 + Cr,Og + 3,0 

KjO + CraOs + 4H2SO4 - K,S04 + Cr.CSO*)^ + 4H4O 
3HaS.+ 30 3HaO + 3S 

K,Cr,dt + 4H.SO4 + 3 H^S « KtSO* + Cr 4 (S 04)2 + 7 H »0 + 3 S 

(f) Sodium peroxide oxidises chromium hydroxide^ to yellow sodium t^lromate : 

2Cr{OH}4 + SNa^Oi « 2NasCr04 + 2NaOH + 2H2O. 
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(g) Com(nttated nitric acid Metises phosphorus to phosphoric acid : 

lOHNOa = 5HtO + 5NO + 5NO, + 10,0 
4P + 10,0 - 2Pa05 
2P.08 + 6HaO =: 4HaP04 


4P + lOHNOa + HaO =*- 4HaP04 + 5NO + 5NO,. 

(h) Hot concentrated sulphuric acid oxidises carbon to carbon dioxide : 

2 HaS 04 - 2 H 30 + 280* + 2,0 
C + 2,0 = COa 


C + 2HaSO* = CO. + 2SOa + 2HaO. 

(i) Potassium chlorate oxidises sulphur dioxide to sulphuric acid : 

KClOa + 3SOa + 3HaO « KCl + SHjSO* 

Potassium nitrate acts as an oxidising agent in the gunpowder. 

(j) Manganese dioxide oxidises hydrochloric acide to chlorine : 

MnOa + 4HG1 = MnCl* + 2H|0 + Cl*. 

./^samples of a few reducing agents are. — 

(a) Hydrogen : FeCla + H (nascent) == FeCl, + HCl. 

(b) Hydrogen sulphide : 2FcCl, + H.S = 2FcCla + 2Ha + S. 

(c) Sulphur dioxide : 2FeCl, + 2H,0 + SO* = 2FcCU + 2Ha + HaSO*. 

(d) Hydriodk acid : 2HI + HjO, 2HaO + I*. 

(e) Stannous chloride : 2FeCl3 + SnClj = 2FcCla + SnCla. 

(f) Carbon and carbon monoxide : 

PbO + C « Pb + CO ; Fc,Oa + 3CO * 2Fe + 3CO. 

(g) Potassium cyanide : SnOj + 2KCN = Sn -f- 2KCNO. 

(h) Metals, c-g., sodium, magnesium, aluminium, etc : 

SiO, + 2Mg 2MgO + Si ; SSiCla + 4A1 == 4 AICI 3 + 3Si. 

Valency change in oxidation and reduction. — Oxidation and reduction reactions 
invoke change of vala^^ The positive valemy of an element is increased in the process of oxidation ; 
reduction is the decrease in the positive valeniy (or increase of negative valeruy). 


Thus, >yhcn ferrous chloride is oxidised by chlorine into ferric chloride, the iron 
is oxidis^, since its positive valency has increased from -f-2 to' +3, whilst the oxidising 
agent chlorine is reduced, since its valency is changed from zero to —1 (chloride 
ion). All free eUmen{^ are taken of zero valemy. 

During the reduction of ferric chloride by nascent hydrogen to the lorrous state, 
the positive valency of iron is decreased from +3 to +2, while the valency of hydrogen 
is changed from zero to + 1 (m hydrochloric acid) and the latter is therefore oxidised : 


+ Cla « 2FeC!, ; Fed, + H = FcCl* + HCl. 

. definitions of oxidation and reduction. — ^When 

f«roi^ chloride is oxidised by chlorine in aqueous ^solution : 

’ f 2FeCl, + Cl, ='2FcCl8 

or expressed ionicall^, 2Fe+++Cl2 == 2Fc++++2CI"", ferrous ion 
Fc‘<*+ is converted into the ferric ion Fe+++ by the loss of dm electron 
(oxidation) and the neutral chlorine into negatively char]^ chloride 
ion Cl“ by the gain of an electron (reduction), that is, 

; Fc++-e = ; Cl+fe = Cl^ 

^ Similarlyr"^^®!! ferric chbridc is reduced bjnaascent hydrogen 
FcGl, H 3= FcCJlg + HCl or e^resled ionically, 
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Fc++++ H = Fe++ + H+, the ferric ion Fc+++ gains an electron to 
be reduced to the ferrous ion Fe++, whilst the reducing agent hydrogen 
loses the electron to be oxidised into the hydrogen ion that is, 

Fc+++ + e = Fe++ ; H •— e = H+ 

(^This leads to the view that oxidation is a process which involves the 
loss of one or more electrons by atoms or ions^ whereas reduction is a process 
which results in the gain of one or more electrons by atoms or ior^ 

An oxidising agent is one that gains electrons and is reduced to 
a lower valency state, while a reducing agent is one that loses election 
and is oxidised to higher valency state. Thus the use of chlorine as 
an oxidising agent involves its reduction into chloride ion by the 
addition of electrons, while the use of sodium as a reducing agent is 
accompanied by its oxidation into sodium ion by loss of electrons : 

CI 2 + 2c = 2Cl“ ; Na — c = Na+ 

In oxidation-reduction processes (or redox processes) electrons arc 
transferred from the reducing agent to the exiting agent. • 

Few experimente to illostrate processes of oaidasioii and rcdnctlMi.— 

(1) Stannous chloride solution is added by drops to a hoi yellow solution of ferric 
diloridc until just colourless — the ferric chloride is reduced to the ferrous state : 

2Fe01g ^ 2FeGlf SnOlg. 

(2) Sunnous chloride solution is added gradually to a solution of mercuric 
chloride, when a white precipitate of mercurous chloride first forms, which ^ally 
turns grey due to its reduction to metallic mercury : 

2 HgGls H” SnCla ~ HgjCla + SnCla ; HgaCl, + SnCla 2Hg -f- SnC3|. 

(3) Potassium iodide solution is added to a ^lution of copper sulphate — a white 
precipitate of cuprous iodide is formed, which is coloured brown by io^e that is 
set free in the reaction : 2GUSO4 + 4KI = 2K3SO4 + Cualg + If 

Cupric copper (valency 2) has been reduced to the epurous state (valency 1). ’ 

(4) Sulphur dioxide is bubbled through a green solution of cupric chloride solution 
when cuptpys chloride is obtained as a precipitate ; cupric cldoride has been 
reduced to ^e cuprous state by sulphur dioxide : 

2CuCla + HaSOa + HjO = CuaCl, + HgSO/+ 2HCI. 

(5) A filter paper soaked in lead acetate solution is exposed to jjic action of 
hydrogen sulphide gas, when it turns black due to the formation of lead sulphide ; 
lie filter paper is again bleached white when dipped into absolution of hydrogen 
peroxide in a basin. PbS + 4H20a = PbS04 + 4HjO. ^ 

The lead sulphide is oxidised to lead sulphate which Is white in colour. 

(6) Potassium iodide is heated with strong sulphuric acid in a test tube, when 
vioUt vapours of iodine are evolved : 

2KI + 2 HjS 04 « 2KHSO4 + 2HI ; 2HI + H2SO4 = 2HaO + SO* + I*. 

(7) A piece of glowing charcoal is inserted in strong nitric acid in which it bums 
brilliantly — ^thc car^n is oxidised to carbon dioxide by the nitric acid ; ’ 

C + 4HNOa « GO, + 4NO, + 2H,0. 

Hydrogen sulphide gas b passed into strong nitric aci4 w^ sulphur deposits 
as a white prech^ate, and brown fumes ornitrogen peroxide are evolved ; 'ITie 
sulphur b Jio oxidbed to sulphuric atid. 
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2HNO, + H,S «» 2H,0 + 2NO. + S ; S -f 6HN0, « H,SO« + 6NO, 4- 2H|0. 

The sulphur is filtered ofT ; the filtrate gives a white precipitate of barium sulphate, 
insoluble in hydrochloric acid, with barium chloride solution ; hence the formation 
of sulphuric acid is confirmed : BaGl| + H1SO4 » BaS04 + 2HC1. 

Catalytic ozlslaticin and rednction. — ^Thesc processes are technically important, 
catalytic oxidation of (a) ammonia to nitric acid in Ostwald process, (b) sulphur 
4irade to sulphuric acid in contact process, and catalytic reduction of acetylene to 
ethylene in presence of nickel catalyst : 

HC 5 CH (acetylene) + H* = H.C = CHa (ethylene). 

v/ Hydrogen Peroxide 

Hytirogen peroxide was discovered by Thcnard in 1818. It is formed in traces 
during the combustion of hydrogen in oxygen — hydrogen flame directed on to ice 
produces water containing a litUe hydrogen peroxide. 

Hydrogen peroxide is prepared by the action of cold dilute mineral 
acids such as dilute sulphuric acid, upon a suitable metallic peroxide, 
such as barium peroxide, sodium peroxide, etc. 

« Laboratory preparation (a) From barium peroxide : 

Finely ground bariuip peroxide is made into a paste of hydrated barium 
peroxide, BaOj, SH^O, by treatment with water — anhydrous barium 
peroxide is not rcadilv acted on by dilute sulphuric acid since the 
particles become coated wihh insoluble barium sulphate. 

^The paste is gradually added to cold dilute sulphuric acid (1 vol. 
xS ^d to 5 vols. of water) in a beaker cooled in crushed ice, stirring 
tl^ mixture with a glass rod, until the solution is just faintly acidic 
trace acid stabilises hydrogen peroxide. Barium peroxide 
reacts with sulphuric acid, forming hydrogen peroxide and a white 
precipitate of barium sulphate. The barium sulphate is allowed 
to seme and then filtered off— the filtrate is an aqueous solution of 10 
to 20% hydrogen peroxide. BaO, + H 2 SO 4 = BaS 04 + H^Ot. 

By patting carbon dioxide into a suspension of barium peroxide in water, barium 
carbemate it precipitated and a solution of hydrogen peroxide is formed->the barium 
carbonate is filter^ off : 

Bab, + H,0 + GO, .= BaCO, + H,0,. 

(b) FfoaSi nJhwH paavsMe.— Galculated amount of lodium peraiide m liowly 
added to. a solution of;iodium dihydrogen phosphate, cooled in ice, undl the solution 
u just acidic : ^ 

NajO. + 2 NaH,P 04 « 2 Na,HP 04 + HtO*. 

Most of the disodium hydrogen phosphate separate on cooling as the hydrate, 

. NatHFO|,12HtO and is filtered off, leaving a strong solution of hydrogen peroxide. 

CaHunerclal prcpamdoii^(a) From bswiiim peroalileo— ^Barium peroxide 
is hydrated by treatment with steam and the paste of hydrated barium peroxide is 
dmiimpbsed by cold dilute sulphuric acid, as in the laboratory process. But more 
rconit^ it is decomposed by phosphoric acid. 

+ 2H,P04 = Bai(P04), + 3H4O,. . 

. « pi^pitatcd barium phosphate is filtered off, leaving a solution bf hydrogen 
pbti02ide%bicb is concentrated b)!* distillation under reduce^ prtssuiei ’' 
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The barium phosphate is decomposed by dilute sulphuric acid to liberate the 
phosphoric acid to be used again : Baa(P04)a + 3HtS04 = 3BaS04 + 2H^P04. 

The product obtained by this method is of better stability, since phosphoric acid 
acts as a preservative of hydrogen peroxide. The barium sulphate precipitate is 
used as a pigment extender under the name of blame fixe. 

(b) From sodtam perosdde. — ^Merck’s proceas : Calculated quantity of 
sodium peroxide is slowly added to ice-cold, dilute (20 per cent) sulphuric acid 
solution ; 

NaaO, + H,SO« = H,0, + Na,SO*. * 

Most of the sodium sulphate separates on cooling as Glauber’s salt, Na4Sp4» 
lOHtO, and is filtered off. The filtrate, on distilling in vacuo, yields 30% solution 
of hydrogen peroxide, known as Merck’s perhydroL 

(c) From perdlaalpharic add. — ^Hydrog<m peroxide is obtained by electrolytic 
methods which involve the intermediate formation of perdisulphuric acid or its sal^. 
Persulphuric acid is obtained by the electrolysis of ice-cold, 50 per cent sulphuric 
acid, using a platinum anode and a high current density ; tbb is hydrolysed with 
dilute sulfuric acid and the resulting hydrogen peroxide is distilled under reduced 
pressure. The hydrogen peroxide is obtained in pure 30 per cent solution. 

Sulphuric acid at this concentration is ionised to H'*' and HSO4' (bisulphatc)* 
ions : HO -SO. -OH % H+ -KO -SO.-OH)-. , 

Hydrogen is liberated at cathode : 2H'** + 2e = Hf 

At anode HSO4' ions are discharged and condense to yield perdisulphuric acid> 
H1S4O4, thus : * 

[O-SOg-OH]- O-SOg-OH 

I "f* 2c 

[0-S0,-0H]- 0-S0,-0H 

Hydrolyais of HgSgOg is effected as fdlowli : 

H0-S0.-0-0-S0*-0H 
HO - H + H -OH 


« HO - SOg - OH -I- HgOg + HO - SO, - OH. 

In another process ammonium bisulphate (NH|)HS04 is electrolysed and the 
resulting aolutton of ammonium persulphate (N^)gS,Og, is hydrolysed and distilled 
under fenced pressure to give hydrogen peroxide. 

(NH4)gSgOg + 2H,0 -fi(NH4)HS04 + HgO, 

The aolutton of hydrogen peroxide, made by electrolytic methed, may be 
concentrated by distillation under low pressure upto about 90 per cent HgOt which 
is fairly stakU — the process develop^ in Germany during last Great War for rocket 
propulsion. Pure hydrogen peroxide is fairly stable in absence* of sun-light. 

Pore Hydrogen peroxide. — ^The dilute aqueous soliftion of hydrogen peroxide 
is concentrated : (i) by evaporation in an open dish on a water bam, when the 
more volatile water vaporises away (b. p. of water 100°G ; that of hydrogen peroxide 
15rG). The process is continu^ until the solution contains about 60 per cent 
hydrogen peroxide — ^further evaporation merely decomposes it into water and oxygen, 
(ii) by distillation under reduced pressure — the concentrated^ solution, on successive 
distillations under reduced pressure of 15 mm., yields hydrogen peroxide of 99 per 
cent purity (fig. 83). " * . 

Crystals of pure hydrogen peroxide separate if the 99 per cent solution of hydrogen 
peroxide, cooM to— lO^G, .be seeded with a crystal of hydrogen peroxide, which is 
6rst obtiined by cooling portion of the 99 per cent Solution with solid caibm 
and ether. 
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Priq»ertie0« — (i) Pure hydrogen peroxide is a colourless (in 
small amounts, but blue in bulk), syrupy liquid with the smell like 



that of nitric acid. It is soluble in water and ether. Its specific 
gravity is 1 .46 at 0®. It freezes at — 0.89®C. It decomposes explosively 
at its boiling point 151®C but may be distilled tmder reduced pressure 
— it boils at 84^C under a pressure of 68 m.m. 

Hydrogen i 5 eroxide yields addition compounds with some salts, e.g., fNH4),S04,H,02, 
and with urea, G0(NHs)a,Hi02 — the hydrogen peroxide behaving like water of 
crystallisation. The addition compound with urea stabliscd by citric acid, is known 
nsltyperoL 

(ii) Stability. — ^It slowly decomposes at the ordinary temperature, 
and readily when heated, forming water and oxygen and evolving 
much heat. 2 H 2 O 2 = 2 H 2 O + O 2 + 46,120 calories. 


The decon&position is promoted by many catalysts such as finely divided metak 
like gold and platinum black and certain soUds such as manganese dioxide and the 
enzyme catalase which is present in milk and blood. The decomposition is also caused 
by traces of alkali. Bht small quantities of acid, namely, phosphoric acid, caldum 
chloride^ glycerine, etc. retard die dccofhposition, i.e., they act as negative catalysts, 
and are, Bierefore, used as preservatives for commercial hydrogen peroxide. 

Ckdloidal platinum brings about a quick catalytic decomposition of hydrogen 
peroxide, yidding.oxygen. 

(iii) Oxidising agent. — It is a powerful oxidising agent ; thus : 

(a) It liberates iodine from acidified potassium iodide — a reaction 
used for the estimation of hydrogen peroxide : 

2KI + H 2 O 2 + 2HCi = 2KCI + I* + 2 H 2 O. 


(b) Lead sulphide is oxidised to lead sulphate : 

PbS + 4 H 2 O 2 == PbS04 + 4 H 2 O. 

The co nversi on of black lead sulphide into white lead sulphate is employed in 
\ the colour of old oil-paintings which is famished due I0 the action of 
tc|tc hydrogen sulphide upon *white lead’ paints ; hence the tise of hydrogen 
as a bloacliliig sg«ot» 




OZONE AND RYDROGEN PEROXIDE 


213 


(c) Ferrous sal^ arc oxidised to ferric salts in acid solutions : 

2 FCSO 4 ,+ HgSO, + HjO* = Fe4(S04), + 2H*0. 

(d) It oxidises sulphurous acid to sulphuric acid, arsenious acid 
to arsenic acid, and hydrogen sulphide to sulphur and watei : 

H»AsO, (arsenious acid) + HjO, = H,As 04 (arsenic acid) + HjQ. 

H 20 a = H2SO4 -f- H2O ; H2S -f* H2O2 = 2H2O -!■ S. 

(e) Hydrogen peroxide oxidises potassium ferrocyanidc to potassium ferrievanide 
in aetd soluUon ; 

^K«Fe(Ca>t), + H,Oj + 2HC1 = 2K,Fc(CN), + 2KC1 + 2H,0. 

^ alkaline solution of potassium ferricyanide is reduced to potassium ferroevanide 
by hydrogen peroxide : 

'^K,Fe(CN), + 2KOH + H.O, = 2K4Fc{CN), + 2H.O + O.. 

(iv) Reducing property. — It behaves as a reducing agent 
towards powerful oxidising agents. 

(&) Potassium permanganate (pink in colour) in acid solution is 
rapdily reduced to a colourless solution : 

2KMn04+3H2S04+5H202 =K2S04+2MnS04+8Hj0+50a. • 

(b) Silver oxide is reduced to metallic silver * ozone is reduced to 
oxygen. Solutions of bleaching powder and sodium hypobromite 
liberate oxygen. 

AgjO+HjOj = 2Ag+H20+02 ; Oa+HjO* =Jl20+202. . 

NaOBr (sodium hypobromite) d-HgOj = NaBr+HjO+Oj. 

(v) Add properties. — Pure hydrogen peroxide has feeble acidic 
properties. It turns blue litmus red and reacts with barium hydroxide 
to give a precipitate of barium peroxide ; with sodium carbonate 
solution it yields carbon dioxide — oxygen is, however, evolved by 
catalytic decomposition of HjOg, if the carbonate be in excess. 

Ba(OH)a + = BaO-j + 2 H^O ; 

NagCOa + HgOa = Na^Oa + HgO + COg 

Tests for hydrogen peroxide.— (i) Hydrogdn peroxide liberates 
lodu^ from potassium iodide solution, which gives a blue colour with 
starch ; ^one also gives this reaction. But hydrogen per&xidc alone 
readily liberates iodine potassium iodide in presence ferrous sulphate o 

(ii) A solution of potassium chromate acidified with dilute 
sulphuric acid is added to a dilute solution of hydrogen peroxid6 in 
a separating funnel. The solution is rapidly shaken with ether, 
which floats on the surface with a deep blue colour. This is the delicate 
perctoomic acid’ test for hydrogen peroxide, and is due to the 
formation of chromium peroxide, CrOg, which> soluble in ether. 

HaCr04 + 2H2O2 === CrOj + SH^O. 

(iii) Hydrogen peroxide is added to a pink solution of potassium 
per^nganate acidified with dilute sulphuric acid— the pink colour 
readily discharged, yielding a colourless solution. 
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, (iv) Hydrogen peroxide is added to a solution of titanium dioxide 
in dilute sulphuric acid, an orange yellow colour develops due to the 
formation of titanium peroxide. TiO^ + Ha02=Ti03+Ha0 (titanium 
peroxide). The test is highly delicate. 

, rea^^t is prepared^ by heating titanium dioxide TiO., with concentrated 
sulphunc acid, cooling and diluting with water. 

XT ^ Hydjpogen Peroxide. — (i) As an oxidising agent in the laboratories ; 

Hydrogen peroxide in presence of ferrous sulphate (Fenton’s reagent) is often used 
as an o6udising agent. 

(ii) For restoring the colour of old oilpaintings containing white lead. 

bleach^g the delicate fabrics like wool, silk, feather, ivory, etc., which 
would be injured by chlorine. Hydrogen peroxide bleaches hair to golden yellow 
colour. 

(iv) As an antiseptic wash in surgery in dressing wounds. It is largely used 
as a gargle, spray and mouth-wash. 

(v) As an anticklor to remove excess of chlorine from bleached fabrics : 

H,0, + Cla = 2HC1 + O,. 

(yi) 85 per cent solution of hydrogen peroxide had been used in Germany during 
the last war m the propelling charge of V-2 jet-propelled bombs — the hydrogen 
peroxide reacts with permanganates to give steam and oxygen for rocket propulsion. 
The concei^ated hydrogen peroxide has also been used in burning fuels such as 
petrol, alcohol and hydrazine hydrate in producing power. 

Stcciigtli of hydrogen peroxide solotloii. — It is stated in terms of volume of 
oxygen evolved on heating hydrogen peroxide solution. This is usually expressed 
in ‘vohuiie etrenggh, which means the c.c.’s of oxygen at N.T.P. that can be obtained 
uom 1 c.c. of a sample of a solution of hydrogen j^roxide. 

2H,0, = 2H,0 + O, 

^68 22400 c.c. of oxygen at N.T.P. 

1 gm. of hydrogen peroxide gives 329.4 c.c. of O, at N.T.P. 

Or 100 c.c. of 1 per cent solution gives 329.4 c.c. of Og at N.T.P. 

1 C.C. of 1% solution of HiOg gives 3.294 c.c. of O, at N.T.P. 

1% solution of hydrogen peroxide, therefore, is of ‘3.294 volume’ strength, 

10 volume hydrogen peroxide is of 3.04 per cent strength ; 100 volume hydrogen 
peroxide is of ^30 per cent strength. 

A sample of hydrogen peroxide of *v volume* strength is v/3.294 per cent solution. 

Fonmilm of hydrogen peroxide. — Hydrogen peroxide contains hydn^cn and 
oxygen only. Then&rd heated a weighed quantity of hydrogen peroxide, and 
determined the weight of oxygen that is liberated. 34 parts by weight of hydrogen 
peroxide were found to yield 16 parts by weight of oxygen and 18 parts of water. 
But 18 parts of water contain 2 parts of hydrogen and 16 parts of oxygen by weight. 
34 parts of hydrogen peroxide, therefore, contain 2 parts of hydrogen and 32 parts 
of oxygen by weight. Consequently, the atomic ratio of hydrogen to oxygen in 
hydrogen peroxide is { : i.e., 1 ; 1, and hence its simple formula is (HO)n. 

The vapour density of hydrogen peroxide as determined under reduced pressure 
is 17 ; the molecular weight is, therefore, 34. 

/. (HO)n = 34, or ( I + 16)n = 34, /. n = 2, 

The formula for hydrogen peroxide is, therefore, HsO,. 

Its structural formula is : H ^ O -- O — H. 
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Distliictive teats of ozone and hydrogen perozide.- 


Reagents 


(i) Potassium iodide solution 

(ii) KI solution +FeS 04 solution 

(iii) KtCr 04 solution + dilute 
H 4 SO 4 4 - ether 

(iv) KMn 04 solution + dilute 
HaS 04 

(v) Titanium dioxide + dilute 

(vi) Test paper soaked in 
alcoholic solution of : 

(a) benzidine 

(b) tetramethyl base 

(vii) (a) Mercury 
(b) Warm silver 


Liberates iodine 
Does not liberate iodine 
No reaction 

No reaction 

No reaction 


Turns brown 
Turns violet 
Mercury loses mobility 
Silver blackens 


Hydrogen peroxide 


Liberates iodine 
Liberates iodine 
Deep blue ether layer 

Pink colour is 
dischaiged 
Orange yellow colour 


No change 
No change 
No change 
No change 


Gompzrlaim of ozme aad hydrogen peroxide. — 


Property 


(i) Nature, colour, odour, etc. 


(ii) Reaction to litmus 


(iii) Solubility in : (a) water, 
(b) organic solvents 


(iv) Stability 


(v) Oxidising property 


(vi) Reducing properly 


(vii) Bleaching property 


(viii) Addition compounds 


(ix) Distinctive tests 


Hydrogen peroxide 


Allotrope of O* ; endo- A peroxide ; exo- 
thermic substance. thermic comipound. 

Deep blue gas ; fishy Clear syrupy liquid ; 
smelL i^mells like nitric 

acid. 


Neutral. 


Acidic ; pure HtOg 
turns blue litmus 
red. 


Slightly soluble. Freely soluble. 

Soluble in GCI 4 (deep Freely soluble in 
blue solution). ether. 

Soluble in turpentine 
(absorbent for O 4 ). 

Unstable ; slowly breaks up evolving Qi— 
decomposition is accelerated by heat and by 
contact with rough surfaces of dust, platinum 
black, etc. • 

20, i:? 30, ; 2H,0, = 2H,0 + O, 


Powerful oxidising 
agent. 


d^owerful oxidising 
acrent. 


Liberates iodine from Liberates iodine fi»m 


KI. • KI. 

Reacts with many oxi- Reacts^ with many 
dising agents : oxidising agents : 

H,0,+0,=H,0+20,, Ag*0+H.0. 

=2Ag+H,04‘0a 
Bleaches indigo by Bleaches wool, silk, 
oxidation. etc. by oxidation. 

Forms ethylene ozonide. Froms addition com- 
pounds, e.g., hyperol. 


Vi<k supra. 


Vide supra*, 
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Exercises 


* 

1. Describe how oxygen can be ozonised, and illustrate vdth reference to three 

examples how ozonised oxygen differs from ordinary oxygen. How may the 
formula of ozone be establish^ ? ^ Punjab *51 

2. Explain what is meant by the term allotropy. How is ozone prepared, 

and what are its principal properties ? How does ozone react (a) with lead sulphide, 
(b) with mercury, (c) with potassium iodide, (d) when passed through a heated 
tube ? Giv^ three distinctive tests for ozone. How would you show that the substance 
is a modih^tion of oxygen only ? Calcutta 1954 

3. Describe the preparation of hydrogen peroxide. What arc its distinctive 

tests and uses ? Compare the properties of ozone and hydrogen peroxide. How 
does hydrogen peroxide react with (i) acidified potassium iodide, (ii) lead sulphide, 
(iii) silver oxide, (iv) ozone, and (v) acidified potassium permanganate, 
(vi) hydrochloric acid ? Calcutta *53 

4. How can you convert (a) ferric chloride into ferrous chloride, (b) stannous 

chloride into stannic chloride, (c) mercurous nitrate into mercuric nitrate, and 
(d) cupric chloride into cuprous chloride ? ^ 

Express the changes by equations and justify the statement that these reactions 
^.involve an oxidising or a reducing process. Calcutta *45. 

5. Explain the meaning of the terms ‘oxidation* and ‘reduction* in chemical 
reactions. Discuss why h process of oxidation is always attended by that of reduction 
and vic^ versa. Illustrate your answer with reference to the following reactions Ix^tween 
— (i) zinc and dilute sulphuric acid, (ii) potassium iodide and copper sulphate 
solution, and (iii) iodine and a solution of hydrogen sulphide. 

* Cambridge Scholarship. 

6. Explain what happens when : 

ft) hydrogen peroxide solution Is shaken with platinum black ; 

^a) hydrogen peroxide is added to an alkaline solution of potassium ferricyanide ; 

(lii) ozone is passed through a red hot glass tube : 

(tv) hydrogen peroxide solution is shaken with manganese dioxide ; 

(v) ozonised oxygen is led into a solution of hydrogen peroxide ; 

(vi) ozone is led into a solution of ethylene : 

’ {yn) ozonised oxygen b bubbled through a solution of potassium iodide ; 

(viii) a lead acetate paper b exposed to the action of hydrogen sulphide, and 
then steeped into hydrogen peroxide solution ; 

(te) a solution of ferrous sulphate containing a little dilute sulphufic acid is 
treated with hydrogen peroxide ; 

(x) ozone b passed into a solution of stannous chloride containing hydrochloric 

acid ; * 

(xi) ozonbed oxygen is bubbled thnough a strong solution of hydrochloric acid, 
and the solution is then tested with a starch-iodide paper ; 

(xii) carbon dioxide b passed into a suspension of barium peroxide in water. 

7. Explain clearly the terms oxidation and reduction. Illustrate your answer 

with experiments ihvolving the use of : chlorine, hydrogen sulphide, sulphur dioxide, 
nitric acid, stannous cUorSe, and hydrogen peroxide. Is it necessary that an oxidbing 
agent should contain oxy^ ? Ajmer inter, 1932 

8. Explain what b meant by MO volume’ hydrogen peroxide. What b the 
strength of such a solution in grams of hydrogen peroxide per litre ? 

How would you justify the statement hydrogen peroxide is an active oxidising 
agent ? Upon what does the oxidbing power of hydrogen peroxide depend ? 

Ans. 30.38 

' 9. How b ozone prepared and obtained pure ? Describe experiments to 
Elustraifee its properties. How was lU molecular weight determined ? Copipare 
lu^'^Ctbirast ozone and hydrogen peroxide* Bombay 1935 

V ^'DeKribe tests to identify a gas that may either be oxygen or oaoae. 

> -s * ^ c^tams 
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NITROGEN AND THE ATMOSPHERE 
Nitrogen 


Fonnula Atomic number 7. Atomic weight 14.008. Boiling point 

— 195.8^. hldting point *~209.86°C. Solubility, 1 litre of water dissolves 23.5 c.c. 
at O^G and 1 atmosphere. • 


Ifiatory and Occurrence* — ^Nitrogen was discovered by Daniel Rutherford, 
but its true nature was first shown by Lavoisier (1775-76), who called it azote^ as 
it did not support life (a, no ; w, life). It was given the name nitrogen because of 
its presence in' nitre. 

In the free state it occurs in the atmosphere to the extent of 78% by vdumc. 
In combination it is present in plants and animals, mainly as proteins. It is also 
found as nitre, also called salt petre, KNO3, and as Chile salt petre, NaNOg, 
in desert soils in Chile. 


-'"^liabrnratory preparation. — Nitrogen is prepared in the laboratory 
by gently heating a solution of ammonium nitrite. Instead of 
ammonium nitrite, a concentrated 
solution containing equi-molecular 
quantities of ammonium chloride and 
sodium nitrite is generally used. The 
solution is taken in a round bottomed 
flask (fig. 84) fitted with a thistle 
funnel and a delivery tube which dips 
under water in a trough, and is 
gently heated. Ammonium chloride 
reacts with sodium nitrite producing 
ammonium nitrite and sodium 
chloride ; the ammonium nitrite thus 
formed decomposes on heating^ into 
water and nitrogen which is collected 
by the displacement of water. 


NH4Cl+NaN02= 

NH4NO8 = 


rNH^NOa+NaCl ; 
Na-f2H20. 



Fig. 84 


To obtain nitrogen in the pure condition, the gas is first washed with alk^i to 
remove traces of chlorine, then with concentrated sulphuric acid to absorb moisture 
and ammonia, and finally passed over heated copper filings to redbee oxides of nitrogen, 
and then collected over mercury. * 

^ Properdep. — (i) A colourless gas without any smell or taste, 
nitrogen is very slightly soluble in water. 

(ii) It does neither burn nor support burning. It does not turn 
lime water milky {cf. carbon dioxide). Though non-poisonous, the 
gas does not support respiration. 

(iii) Rather inert at ordinary temperature, it enters into 
combination with many substances at higher temperature. 

Ciombliiation ^ with hydr«^n. — ^Under the influt^ce of 
dectric sparks nitrogen combines ^wiSi hydrogen, forming ammonia. 
On a technical scale, they are niade to combine togeth^ /under a 
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pressure of 200 atmospheres and in presence of an iron catalyst at a 
temperature of 550°C. N2 + SHg ^ 2NH3. 

yth) Combination with oxygen. — Under the influence of electric 
sparks at a high temperature of 3000°C nitrogen combines with 
oxygen to produce nitric oxide. N2 + O2 ^ 2NO. 

y^c) Combination with metals. — Nitrogen is absorbed by 
red-hot metals like calcium, magnesium and aluminium, forming 
nitrides. , A metallic nitride on hydrolysis yields a metallic hydroxide 
and ammonia : 

SCa+N* = CaaNg ; CaaNa+BHOH = 2NH3+3Ca(OH)a, 
3Mg+Na = MgaNa ; MgaNa+OHOH = 2NH3+3Mg(OH)3. 

(d) Nitrogen is absorbed by heated (1000®C) calcium carbide 
giving calcium cyanamide, NCaCN, technically called nitrolim, 
w^hich is decomposed by steam, yielding ammonia. 

GaCa+Na = NCaCN+C ;NCaCN+3HaO = CaC03+2NH3. 

of Nitrogen. — (i) Atmospheric nitrogen is fixed in large quantities as 
ammonia, nitric acid and nitrolim. (ii) Liquid nitrogen is a refrigerant, (iii) 
Nitr^en provides an inert atmosphere in certain metallurgical operations. ^ (iv) In 
making gas thermometv^rs and for filling electric bulbs. On a commercial scale 
nitrogen is obtained by the fractional distillation of liquid air. 
y' DeCecdoo. — An inert gas, nitrogen is recognised by its lack of response to tests 
W the reactive gases. Like carbon dioxide, it do^ neither bum nor support burning ; 
but it is without action upon lime water. Nitrogen can however be absorbed by 
heated magnesium and can thus be distinguished and separated from argon. 

^ Nitrogen from compoands t fi) From nmmonin. — ^Nitrogen 
may be prepared by warming a paste of bleaching i>owder with a 
solution of ammonia in a flask or by dropping ammonia into sodium 
hypobromite solution. 

3 NaOBr+2NH3 ^ Na+SNaBr+SHaO ; 

3Ca(OCl)CI+2NH, = SCaCla+SHaO+Na. 

^It may be obtained by passing chlorine into a strong solution of 
ammonia, when ammonium chloride and nitrogen are formed : 

2NHa+3Cl^ = Na+6HC1 ; 6NH,+6HC1 = eNHaCl ; 

. /. 8NH3 +3C3Ja = 6NH4CI +N3 

^Ammdnia must be in large excess, otherwise an cxploBive oily 
li^^d, nitrogen trichloride, NClg, may be produced. 

- NH3 + SCla = NCI3 + 3HC1. 

'^ii) From nitric* acid. — Moderately dilute nitric acid <1 vol. 
cone, acid to 1 vol. water) reacts with copper turnings evolving 
nitric oxide, which when passed over heated copper filings yields 
nitrogen. 

3Cu + SHNOa = 3CutN03)2 + 2NO + 4HaO. 

2NO + 2Cu = 2CuO + Nj. 

(lit) From ammonium dlchromate. — Ammonium dichromate on gentle 
:heating, decomposes violently, evolving nitrogen. A mixture of ammonium cluoride 
and potassium dichromate is also used. (NH 4 )aCrsOY =«= N| + 4HtO 4- CrsQf 
, f (iy) . From barltim stfide. — Very pure nitrogen is obtained by hearing barium 
<^ide ^ 3(tO^C. The metal remains. Ba(N 3 }t Ba + SNi. 
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(v) Fmm urea. — ^Nitrogen is readily evolved by the action of alkaline 
h^’pobromite solution on urea. 

GO(NHa)a + 3NaOBr =» CO, + N, + 2H,0 + 3NaBr 

(vi) From ammonium nitrite.~This is the most convenient method and is 
used for laboratory preparation. 

^ Nitrogen from the air. — ^Besides traces of moisture and carbon 
dtoxide (about 0.04 per cent by volume), air is principally a mixture 
of nitrogen, oxygen and argon, roughly in the proportion of 78 : 21 : 1 
by volume. Nitiogcn may be obtained by removing the more reactive 
gases from air : * 

Ji) By red-hot copper. — Carbon dioxide and moisture are first 
reifioved by passing the air through strong caustic potash solution 
and concentrated sulphuric acid in succession. The purified air is 
then passed through a long tube containing red-hot copper filings 
which fix the oxygen as oxide of copper and nitrogen passes out ; 
the gas may be collected over water : 2Cu -f Og == 2CuO. 

Nitrogen, thus obtained from air, contains about 1 per cent argon. 

(ii) By means of phosphorus. — porcelain crucible containing 
a piece of phosphorus is floated on water, and covered with a bell-jar 
(fig. 85) which is graduated and fitted with stopper. The phosphorus 
is ignited by means of a hot wire and the stopper immediately inserted. 
Phosphorus burns in the oxygen of air, forming white fumes of 
phosphorus pentoxide which dissolve in water. Water gradually rise 
up in the bell-jar to fill oncT-fifth its volume — the remaining four- 
fifths are filled with the residual gas. A lighted taper inserted in it is 
found to be extinguished ; the residual gas is therefore nitrogen. The 
experiment shows that air contains nitrogen and oxygen roughly in 
the ratio of 4 : 1 by volume. 

(iii) At the room temperature oxygen may be 
removed from air by the action of moist iron filings, 
alkaline pyrogallate solution, or cuprous chloride 
dissolved in strong ammonia solution or an 'acid 
solution of chromous chloride. The experiment with 
alkaline pyrogallate is carried out as follows. — 

A long glass tube closed at one end and divided 
into six parts by rubber bands, is filled with alkaline 
pyrogallate solution up to one-sixth its volume. The 
tube is then closed with a rubber stopper and well 
shaken — the liquid becomes black due to absorption 
of oxygen. On opening the tube under water, one 
of the remaining five divisions is filled with water — 
the residual four-fifUis of original volume of air is 
nitrogen. 

Active Bitregen. — ^Active nitrogen is obtained 
by subjecting a stream of nitrogen, drawn through 
a tube at 2 mm. pressure, to the action of condensed 
electric discharge — the gas passing beyond the 
dischante glows with a yellow light. A trace of 
impurities like oxygen or mercury vapour, appears 
necessary in its pr^uction. The active nitrogen is 
very reactive and directlv combines with non-metals 
such as sulphur and iodine and many metals like 
sodium and mercury. With acetylene, it yields 
hydrocyanic add. Its reactivity is due to die presence Fig» 85 

of free atoms and activated molecules of nitrogeift 
Active nitrogen was discovered by Lotd Rayleigh in 191 L 
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The Atmosphere 

Otu litre of air at X.T,P, weight L293 gms. Density of air {H ^ 1) is 14.44. 

Goiistitueiits of Air. — Air was regarded as an clement by the ancient 
philosophers. The discovery of oxygen and nitrogen in air by Priestley and Scheelc 
in 1774 led Lavoisier to establish in 1775 that air was a mixture of these two gases 
with traces of water vapour and carbon dioxide. Besides these gases, air ^ntains 
the inert gases helium, neon, argon, krypton and xenon, discovered by I^^h and 
Ramsay in 1894. Ozone, ammonia, nitric and nitrous acids, sulphur dioxide, dust 
particles, etc. also occur in air in minute traces. 

The average percentage composition of ordinary air ^ volume is : nitrogen 
77.16 ; oxygen 20.60 ; water vapour 1.40 ; argon and other inert gases OBO ; carbon 
dioxide 0.04. 

The average composition of air, freed from moisture carbon dioxide, is : 

By volume By weight 

Nitrogen ... ... ... 78.06 75.5 

Oxygen ... ... ... 21.00 23.2 

Inert gases ... ... ... 0.94 1.3 

I’he detailed average composition of dty air by volume b : nitrogen 78.09 ; 
oxygen 20.95 ; argon 0.9323 ; COj 0.03 ; hydrogen 0.0000005 ; neon 0.0018 ; helium 
0.0^5 ; krypton 0.0001 ; ozone 0.00005 ; xenon 0.000009. 

Air is a mixtare* — ^That air is a mixture and not a compound 
of nitrogen and oxygen is evident from the following facts : 

(i) The composition of air, freed from moisture and carbon dioxide, 
is nearly but not entirely constant — slight variation in the proportion 
of nitrogen and oxygen in air is observed in different localities and at 
different times* The composition of a compound, on the other 
hand, is definitely fixed and invariable. 

Percentage of oxygen by volume in air in : Berlin 20.960 — ^20.973 ; Paris 
20.913—20.999 ; Calcutta 20.105—20.385. 

(ii) There is no thermal change nor is there any volume change 
when nitrogen and oxygen arc mixed together in the proi^rtion as 
they arc present in air and the mixture behaves like ordinary air, 
while an accompanying heat change and often a volume change occur 
in chemical reactions between gases. 

(iii) The properties of air are those of a mixture of nitrogen and 
oxygen, i.e., the properties of the components of air are additive, as 
obtains in a mixtdre. Moreover a mixture of nitrogen and oxygen, if 
made iij the proportion as they arc present in air, shows all the 
properties of ordinary air. 

(iv) Tf air were a compound, its molecular formula, as deduced 
from the per&ntage composition, would have been NJ 5 O 4 (or a 
multiple of this) an^hcnce its vapour density is 137. 

The percentage of nitrogen and oxygen by weight in air are 75.5 and 23.2 
respectively and hence the ratio of 

atoms of nitrogen 75.5/14 ,'^393 15 

atoms of oxygen 23.2/16 * 1.450 ** 4 

the simplest formula for air is 

But it is actually found by experiments to be 14.4, which 
corresponds to a mixture of nearly 4 volumes of nitrogen and 1 volume 
dToxygen thus ; 100 xd«80xl44'20xl6; 

d a= 14.4, where d = density of air (H « 1). 
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(v) The composition of air may be altered and its constituents 
partially separated by physical means, such as (a) diffusion and 
(b) solution in water : This is characteristic of a mixture only — a 
compound would diffuse or dissolve as a whole. 

(a) When air is allowed to diffuse through a porous membrane of unglazed 
porcelain, nitrogen, bein^ lighter than oxygen, pass^ out more rapidly than oxygen, 
causing a partial separation of the constituents of air. 

(b) When air is shaken with water, the dissolved air becomes richer in oxygen 
than the undissolvcd air, since oxygen is more soluble in water than nitrogen. 

The dissolved air expelled by boiling the water contains nitrogen and oxygen 
approximately in the ratio of 2 : 1 by volume, as against 4 : I in normal air. 

(vi) The constituents of air may be separated by the fractional 
distillation of liquid air. A compound would distil as a whole. 

Gonstitaentfl of Air, their detections and fnnetionB. — (i) Oxygen. — ^Nitric 
oxide (which is a colourless gas) forms reddish brown fumes of nitrogen dioxide when 
exposed to air, showing that air contains free oxygen. 2NO + O* = 2NO|. 

When mercury is heated in air for a long time, some red scales are formed ; thescb 
red scales decompose on being more strongly heated into mercury and a gas which 
responds to the tests for oxygen. Hence its presence in air. 

2Hg + 0.^^2Hg0. 

Oxygen supports combustion and respiration. Respiration is the transfer of 
oxygen of air to all parts of the body where it is required. It is carried as an unstable 
compound of oxygen and hsemoglobin (present in red blood corpuscles), called 
haemoglobin^ by circulation of blood via lungs through different arteries. The oxygen 
oxidises the tissues of the animal body — ^with the formation of carbon dioxide and 
water vapour and simultaneous liberation of energy. The haemoglobin is restored 
back to the lungs where it again begins the cycle as oxygen-carrier. The energy 
li)>crated maintains tiie heat of the l^y and accounts for the mechanical work it 
performs. 

Carbon dioxide passes via veins into the lungs from where it is exhaled out. Respired 
air, blown through lime water, turns it milky, showing that carbon dioxide is formed 
during respiration. Hence respiration is but slow combustion. Following hg^es (in 
I)crccntages by volume) arc instructive : 

Air (inspired) Air (expired) 

Nitrogen ... 79.00 ^ 79.02 

Oxygen ... 20.96 16.158 los^ ^.75% 

Cilarbon dioxide ... 0.04 4.42 pain 4.33% 

b‘i) Nitrogen. — ^The residual gas, left after the removal o&oxygen by burning 
phosphorus, moist iron filings, heated copper turnings, etc., docs not support 
combustion and is absorbed by heated magnesium, hence it is nitrogen. This residual 
gas, left after the absorption of nitrogen by heated magnesium, contains the inert 
gases argon, etc. Nitrogen dilutes the oxygen of air and hence moderates the process 
of combustion. 

(iii) Carbon dloadde. — ^When exposed to air, clear lime svater is covered with 
a white crust of calcium carbonate on its surface due to the absorption of carbon 
dioxide, hence air contains the gas. Ca(OH)t + GO 2 » GaCOy HfO. 

Carbon dioxide forms the chief food material for plants. 

(iv) Water Vapour. — Fused calcium chloride exposed on a watch-glass to air 
soon becomes mist owing to the absorption of w^tcr vapour from die atmosphere. 
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The deposition of mc^ture on the outside of a glass-beaker containing ice, also 
shows the presence of water vapour in air. 

Water vapour by alternate formation of clouds and rains supports plant and 
animal life. It also controls the evaporation of water from the surface of the earth. 

Volumetric composdtioii of air. — Lavoisier’s experiments. — 

The composition of air by volume was determined by the French 
savant ikvoisier (1743 — 1794) by his classical experiments on 
calcination of metals in air which he began in 1772. 

In one of nts experiments Lavoisier heated a known weight of tin in a sealed retort 
containing air and found that the weight of the retort with its contents remained 
unchanged after the heating, though a part of the tin was calcined. On opening 
the retort, air rushed in and the retort was then found to weigh more. The calcined 
mass of tin was then taken out of the retort and weighed. It was found to gain in 
weight. The increase in weight of the retort was found to be equal to the increase 
in weight of the mass of calcined tin. Hence he concluded that the increase in weight 
of calcined tin was due to the absorption of a part of air. 

To find out the nature of air used up in the calcination of tin 
Lavoisier carried out the following famous experiment in 1775 — 76. 


^ Lavoisier heated a weighed quantity (about 4 oz.) of mercury 
m a glass retort the neck of which communicated with a measured 

^ volume of air in a bell-jar stands 



ing over mercury (fig. 86). Red 
scales (mercuric oxide) were 
formed and found floating on 
the .surface of mercury in the 
retort and the level of mercury 
gradually rose up in the bell-jar 
during heating — the level became 
steady after 12 days. The 
residual air in the bell-jar 
occupied four-fifths the total 
volume of air taken. The 


residual air did not support life or combustion. It was called asote 
(fl, no : zocy life) by Lavoisier. 


The red scales of mercury were collected, weighed and heated very 


strongly in a retort (fig. 87) when^a gas 
was Kbcr&ted— its volume being equal 
to one-fifth that ,of the original air in 
the apparatus a^d was exactly equal to 
the diminution m volume of the air in 
the first experiment. • 

This gas supported life and 
combustion ; it was called oxygen by 
Lavoisiq|f. When this gas was mixed 
with azote (ri^dual air) ordinary air 
was obtained. From these two 
experiments Lavoisier concluded that : 

(i) air is a mixture of two gases, 
azote (nitrogen) and oxygen, in the 
appvoximate ratio of 4 : 1 by volume. 



Fig. 87 






NITROGEN AND THE ATMOSPHERE 


225 


(ii) oxygen of air alone supports combustion and respiration. 

The classical experiment of Lavoisier on the composition of air contradicted 
the phlogiston theory (p. 6), which was, therefore, rejected. 

The percentage by volume of oxygen in air is accurately found out by 

exploding a measured volume of air with excess of hydrogen in an eudiometer over 
mercury. The oxgyen unites with the hydrogen to form water which condenses to 
a liquid of negligible volume — the contraction is noted. One^third of the contraction 
equals the volume of oxygen. 

Let the volume of air = Vj c.c. 

Vol. of air + H 2 = Va c.c. • 

Vol. after contraction — Va c.c. 
contraction due to formation of water = (va— v,) c.c. 

Now, water contains Ha and Oa in the ratio of 2 : 1 by volume. 

vol. of Og in Vi c.c. air = one-third of contraction = (vg— Va)/3 ; 

% of Oa in air = (va— Vj) X 100/3vi c.c. 

The oxygen in a measured volume of air may be removed by alkaline pyrogallate 
and the contraction noted. 



Fig. 88 


Gravimetric composition of air. — Dumas’ experiment. — 

Dumas (1841) determined the composition of air by weight in the 
following way : A long hard glass tube (fig. 88) , fitted with a stop-cock 
at each end, is filled with copper turnings, evacuated, weighed, and 
then laid in a furnace. The tube* is connected at one end with a 
weighed vacuous globe, closed by a stop cock, and at -the erther with 
two U-tubes, one (next to the tube) containing fusec^ calcium chloride 
and the other solid caustic potash, and a bulb cojitaining potash 
solution, which remove moisture and carbon dioxide from the air. 

The tube is heated to redness and the stop-cocks are then slightly 
opened when air slowly passes over the heated copper. Oxygen is 
absorbed by the heated copper and the nitrogen passes into the 
vacuous globe. When the experiment is over, (as indicated by the 
stoppage of bubbling of air through the potash bulfajj^he stop-coc^ 
are closed and the apparatus allowed to cool. ▼ 

The globe is then weighed and the weight of nitrogen contained, 
in it found out. The tube containing the copper and copper oxide is 
then weighed. The nitrogen remaining in ifie tube is then pumped 
13 
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out and the evacuated' tube weighed again and the weight of nitrogen 
remaining in the tube determined. The weight added to that in the 
globe gives the total weight of nitrogen. The increase in weight of 
the evacuated tube gives the weight of oxygen. 


Calculation : Let the weight of vacuous globe 
Wt. of globe H- nitrogen 
Wt. of nitrogen in the globe 
Wt. of evacuated tube + Gu 


wi gm. 
w* gm. 

= (w*-wO gm. 
= W3 gm. 


Wt. of tube + Cu + CuO + N, — w* gm. 

Wt. of evacuated tube + Cu + CuO ~ Wj gm. 


/. Wt. of nitrogen in the tube 


= (W4~W5) gm. 


Total wt. of N, = (wg— Wj) + (w*— w^) gm. = Wj gm. 


Wt. of O9 = (Wfi — Wa) gm. 


= Wa gm. 


Wt. of air = wt. of Na + wt. of O2 ~ (Wj + W9) gm. 

/. % of Oa ==.- 100W2/(Wi + Wa) ; % of N, = 100Wi/(W, + Wg). 


Actual experiments show that the ratio, oxygen : nitrogen 22.92 : 77.08. 
Allowing for the presence of 0.93 per cent of argon by volume, the composition of 
"air by weight is : Oxygen 23.2 per cent ; Nitrogen 75.5 per cent ; Argon, etc. 1.3 
per cent. 

Estimation of moisture and carbon dioxide in air. — ^Thc moisture and 
carbon dioxide in air may be determined by aspirating a known volume of air through 
previously weighed calcium chloride tub^ to absorb moisture, and then through 
weighed tubes containing solid caustic potash to i^bsorb carbon dioxide — the increases 
in weight of calciupi chloride and potash tubes give the measure of moisture and 
carbon dioxide respectively. 


But carbon dioxide is generally estimated by shaking a known volume of air 
with standard baryta solution, and then titrating the excess baryta with a standard 
oxalic acid solution. 


Ba(OH), + CO9 - BaCOs + H,0. 

Air and the plant and animal life. — (a) Oxygen and carbon 
dioxide. — Due to the lespiration of plants and animals (oxygen is 
inhaled and carbon dioxide exhaled during respiration), the 
combustion of carbonaceous fuel and the decay of organic matter, 
the amount of carbon dioxide in air gradually tends to increase with 
the consequent decrease in amount of the oxygen in the atmosphere. 
But the ^percentages of carbon dioxide and oxygen in air are 
practically constant. This constancy is due to the simultaneous 

removal of carboii dioxide in the following way : 

< 

(i) Carbon dioxide forms a chief food material for plants. In presence of sunlight, 
XDobture and the green oolouring matter of plants, called chlorophyll^ the plants 
decompose carbon dioxide into carbon and oxygen— -carbon the plants assimilate 
and convert into carbohydrates and the oxygen is restored back to air, and hence the 
proportion of oxygen in air is maintained constant. The net result of the change 
may be represented as : 

GO* H,0 + energy of light = carbohydrate + O*. 

(ii) A large amount of carbon dioxide is removed from the air by the weathering 
efro^f such as felspars which arc attacked by carbon dioxide : 

' iC*0, Al,0„ 6SiO, (potash felspar) -f CO* + 2H*0 

^ - K,CO, + 4SiO, + AI,Ofc 2SiO„ 2H,0 (china clay). 

•t , 
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(tii) Sedimentary rocks such as limestone and dolomite also absorb carbon dioxide 
from the air, forming soluble bicarbonates which are carried into the oceans. 

GaCO, + HjO + COa =- CaCHGOa)*. 

(b) Nitrogen cycle in nature. — Nitrogen is an essential 
constituent of vegetable and animal tissues but neither can directly 
absorb nitrogen from air, excepting a few leguminous plants^ such as 
pea, bean and clover, which can directly assimilate nitrogen through 
the agency of symbiotic bacteria living on their roots, and certain algai, 
fungi and mosses which can also utilise elementary nitrogen. 

But the following is the most impcfrtant process of nitrogen- 
assimilation by plants. During electric discharges in the atmosphere 
nitrogen is converted into nitric oxide which is then oxidised by the 
excess of air into nitrogen dioxide. This reacts with rain water 
forming nitric acid which is washed down by rains to the soil where 
it is converted into soluble nitrates by bases present in the soil. 

N2+O2 = 2 NO ; 2NO+O2 = 2NO2 ; SNOg+HgO = 2HNO3+NO. 

This ‘fixed nitrogen’ as soluble nitrates is absorbed from the soil 
by the plants through their roots. The plants in their turn convert® 
this inorganic nitrogen into complex nitrogenoui^ organic substances, 
called proteins. The nitrogen of air is thus utilised by plants in the 
form of nitrates. It is estimated that no less than 250,000 tons of 
nitric acid arc produced daily by electric discharges. 

Animals, on the other hand, can only make use pf nitrogen built 
into proteins in the plant body. Hence the herbivorous animals feed 
upon plants for their nitrogen supply ; carnivorous animals acquire 
their necessary nitrogen by consuming proteins in other animals. As 
a result of the above processes, the nitrogen content of air gradually 
tends to decrease. 

But much of the nitrogen consumed by animals is restored to 
the soil in the form of urea in the excreta — urea is readily hydrolysed 
to ammonia and carbon dioxide : CO(NH 2 ) 2 +H 20 =C 02 + 2 NH 8 . 
Also when the animal and plant bodies undergo decay or the animal 
excreta putrefy, most of the organic nitrogen (proteins) is liberated 
as ammonia which is oxidised in the soil by the oombined action of 
nitrosifying and nitrifying bacteria into nitrate to be again assimilated 
by plants. A portion of the fixed nitrogen is set free by thtf action of 
denitrifying bacteria in the soil. This process takes •place in such a 
way in nature as to maintain the proportion of .nitrogen in air 
practically constant. 

The circulation of nitrogen from inorganic compounds in the soil 
to proteins in plants and animals and back again is known as nitrogen 
cycle. 

A supply of fixed nitrogen to the soil is essential for the life of plants and animals. 
Tn primitive communities the natural processes for fixation of nitrogen by leguminous 
plants and by lightning, led to a gradual accumulation of available nittogen in the 
soil ; but in civilised communities in modem times much fixed nitrogen is lost by 
•disposing sewage to the sea, and this loss is compensated mainly by fixing atmospheric 
nitrogen as ammonia. ^ 

Fixation of atmoaplterlc nitrogen. — As stated above, only a small amount 
of the nitrogen, fixed by the natural process of electric discharges, falls fertile 
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soil and is utilised by plants — ^most of it b lost into the sea and thereby becoming 
unavailable for the direct use of plants. Hence the necessity of increasing tho 
availably nitrogen content in tlie sod. This may be done (i) by rotation of crops, 
whereby^ corn, which depletes the soil of nitrogen, b followed by the cultivation of 
a leguminous plant such as clover which replenishes it, and (ii) by dressing the soil 
with nttre^eneous compounds, mainly as ammonium sulphate or sodium nitrate, 
to the soiK Farmyard manure containing nitrogencous animal products is aba 
used. 

THE NITROGEN CYCLE 

I leguminous plants and bacteroids • 


Atmospheric Electric discharges 
nitroghn ► 

Denitrifying bacteria 


It b estimated that about 80 per cent of world’s total output of nitrogeneous 
compounds arc used as fertilisers and the rest 20 per cent for the manufacture of 
explosives, and alkali cyanides used in the extraction of gold and silver. 

The two natural sourceji for ‘fixed nitrogen* arc (i) ammoniacal liquor from the 
gas works from which ammonia is recovered as sulphate to be used as a fertiliser 
and (ii) Chile saltpetre, NaNO®. But they meet only about 20 and per cenU 
respectively of the total requirements — the rest 75 per cent is obtained by 'fixing* 
the atmosphere . nitrogen by artificial processes as (a) ammonia (Haber process;* 
(b) nitric acid (Birkeland-Eydc process), (c) calcium iyanamide, technically called 
nitrolim (Franc-Caro process), and (d) aluminium nitride (Serpek process). The 
(a) and (c) only are technically important. 
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COMPOUNDS OF NITROGEN 
Ammonia 

Formula NHj. Vapour density 8.5. Boiling point —33.4*’, Melting point 
—77.7*. Critical temperature 132.5*. 

Occnrraice. — Ammonia is a product of the decomposition of organic matter 
containing nitrogen. Tlie stable manure, for example, contains urea, CO(NH})t> 
feom the urine of animab. The urea b converted by the action of bacteria 
amihopittm cairbonate which slowly decomposes, yielding ammonia, and hence 
Uii fioett hl^^’litable, and its presence in traces in air, 

+ 2H,0 - mihPOt ; (NH4),C0, = 2NH, + ft,0 + CO, 



COMPOUNDS OF NITROGEN 229 

Laboratory preparation. — ^Ammonia is prepared by the action of 
a strong base^ such as lime 
or caustic soda, upon 
ammonium salt. An intimate 
mixture of ammonium 
chloride fl part) and dry 
slaked lime ^3 parts) is used 
in the laboratory. The 
mixture is heated in a flask or 
a hard glass test-tube 
(fig. 89) — the evolved 
ammonia is dried by passing 
through a tower filled with 
lumps of quick lime and then 
collected in gas jars by the 
downward displacement of air Fig. 89 

or over mercury : 

2NH4CI + Ca(OH)a CaCla + 2NH3 + 2H2O. 

Drying of ammonia.— -The gas cannot be dried by strong sulphuric acid or 
phosphorus pentoxide which itself absorbs ammonia that is bksic, yielding ammonium 
sulphate or phosphate. Calcium chloride also absorbs the gas forming a compound 
GaClj, BNHs and hence also unsuitable as a drying agent. Ammonia is dried 
by quick lime which itself Is basic. 

A supply of ammonia is readily obtained in the laboratory by allowing liquor 
ammonia to fall in drops from a dropping funnel into a flask co&staining solid sticks 
of caustic soda. 

Properties. — (i) Ammonia is a colourless gas with a pungent 
smell (odour of smelling-salt) and is lighter than air. The gas is readily 
liquefied by pressure alone (6 atmospheres at 10®). 

Expt. — ^An empty jar (i.e., containing air) is inverted over a jar of ammonia and 
the lid is removed. Ammonia, being lighter than air, travels in the upper jar — tested 
by introducing a glass rod moistened with concentrated hydrochloric acid when 
dense white fumes of ammonium chloride are evolved, 

(ii) It is the most soluble of all gases — 1 volume of water at 0®G 
dissolves 1150 volumes of ammonia to give a solution containing 47% 
ammonia by weight. A saturated solution of spf gr. 0.88 contains 
only 35% ammonia. The concentrated solution is know as liqumr 

ammonia fortis. A bottle of liquor ammonia should 
be carefully opened after cooling ih ice, as there is 
always a high pressure inside, • 

The solution of ammonia, is alkaline to litmus. 
The solubility in water arid the alkalinity of the 
solutions are shown by the fountain experiment ; 

Fountain eaqietiment. — A round bottomed flask (fig. 
is filled with dry ammonia and closed with a cork throtq^ 
which passes a long tube provided with a stop GO^*>^ne 
end of the tube drawn into a jet, is inside the flask, and the 
other dips in red litmus solution* The stop eqek k rijpened 
and a little ether is poured upon the flask which evi^pjikates. 
Fig. 90 causing local cooling and ammonia contiac^ ai te^t 
thereto, producing I^rtial Vacuum and hence the red litmus solufiori-lhA^ 
form of a fountain inside the flask. The soluti<;^ turns, li^ue. Henee 
soluble in water smd the solutiem is alkaline. . ; 
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^ (iii) It does not support combustion, nor does it burn in air, but 
in cncygen it bums with a greenish-yellow flame, forming nitrogen 
and water : 


9 



Fif. 91 


4NH3 + 3O2 == 6H2O + 2N2. 

Ezpt, — Dry ammonia is slowly passed through a 
tube surrounded by a wider tube containing a plug of 
cotton wool through which diffuses a stream of oxygen 
(fig. 91) — on ignition, the ammonia readily burns in 
the oxygen with a greenish-yellow flame. 

(iv) In presence of platinum gauze as a 
catalyst, heated to 500 °C, a mixture of ammonia 
with air or oxygen is oxidised to nitric oxide : 

4NH3 + 5O2 = 6 HaO + 4 NO 

(v) Basic in character, it neutralises acids, 
yielding ammonium salts : NH3-1-HC1==NH4C1 ; 

2NH8 + H2SO4 - (NH4)2S04. 

Expt. — A piece of paper soaked in concentrated 
hydrochloric acid is put in a jar of ammonia — dense white 
fumes of ammonium chloride are formed. 


(vi) Ammonia iS a mild reducing agent. Ammonia is oxidised 
to nitrogen and water when passed over heated lead monoxide or 
cupric oxide : 2NH3 + 3 CuO ~ 3 Cu + N2 + 3 H 80 . 

Chlorine deepmposes ammonia libera*ting nitrogen ; with excess of 
chlorine the explosive oily liquid nitrogen trichloride is formed : 

2NH3+3CI2 = Na+6HC1 ; 2NH3+6CI2 = 2NCI3+6HCI. 

Iodine reacts with a solution of ammonia, yielding the black explosive compound, 
nitrogen iodide, NTs, NH3. 

(vii; Ammonia reacts with the alkali metals at red-heat, forming 
amides, such as sodamide. Water decomposes sodamide, yielding 
ammonia back : 


2Na+2NH3 =2NaNH2+H2. NaNHg+HaO ^NaOH+NHj. 

(viii) When ammonia is dissolved in water, it forms the hydrate 
ammonium hydroxide which dissociate into ammonia and hydroxyl 
ions : •NH3H-H2O ^ NH4OH ;j± NH4+ +OH-. 

The presence of free ammonia in the solution is recognised by its smell. The 
existence of hydrojsyl ions is shown the alkalinity of the solution and also by its 
power of precipitating many metallic hydroxides by interaction with the soluble 
salts of the metals ; e.g. • 

AIClt+3NH*OH = A1(0H)3+3NH4C1 ; FeCl,+3NH*OH - Fe(OH)8+3NH4Cl 


In some cases the precipitated hydroxide redissolves in excess of 
ammonia solution ; e.g., copper sulphate gives a pale blue precipitate 
of basic copper sulphate which dissolves in excess of the precipitant 
forming, a deep blue solution : , 

^CuS04+2NH40H = CuS04,Cu(0H)3+(NH4)2S04. 


.C^^3t|^uCpH)a+(NH«),S04-|-6NH40H=2[Cu(NH,)JS0«+8H,0. 
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Silver nitrate solution gives a white precipitate which quickly 
passes into brown oxide, soluble in excess of ammonia. 

2AgN03+2NH40H = Ag20+2NH4N03+H20. 

Ag30+4NH3+H30 -=2[Ag(NH3)3]OH. 

Liquid aminonia dissolves sodium and potassium to give deep blue solutions. 

Tests. — ^Ammonia is detected by the following properties : (a) its characteristic 

pungent smell and alkaline reaction, i.c., by the blueing of moist red litmus paper ; 

(b) it forms dense white fumes of ammonium chloride with gaseous hydrochloric 
acid ; (c) it produces a yellow or brown colouration or a precipitate with Xessler*s 
reagent (an alkaline solution of potassium mercuric iodide, KaHgh). This is the 
most delicate test for ammonia and ammonium salts : (d) it blackens a piece of 

paper soaked in mercurous nitrate solution. 

Uses. — (i) Huge quantities of ammonia are used in the manufacture of fertilizers^ 
such as ammonium sulphate, and ammonium phosphate, and nitrochalk (one part 
CaCOs H- 1 part NH4NO3) ; nitric acid by the Ostwald process, sodium carbonate by 
the Solvay process, and urea, CO(NH2)2- 

(ii) Liquid ammonia is used as a refrigerant in ice-making. 

(iii) Ammonia is transported in cylinders and then ‘cracked* (i.e., decomposed 
into its elements by heat) to supply hydrogen for the purposes of welding and cutting 
of metals. 

(iv) Ammonia and ammonium salts are used in medicine — ‘smelling salt* contains 
solid ammonium carbonate and a little lime water. 

(v) Ammonia is used as cleansing agent 
for removing grease and as a reagent in 
laboratories. 

Because of its easy volatility and high 
latent heat of vapourisation liquid ammonia 
is used as a refrigerant in ice-making. By 
means of a compression pump anhydrous 
ammonia gas is condensed to liquid in condensing 
coils cooled by a stream of cold water to remove 
the heat generated as a result of compression. 

Liquid ammonia then passes through an 
expansion valve into expansion coils, immersed 
in brine in a tank, wherein it vaporises due 
to release of pressure. During vaporisation 
the temperature of brine goes down below 0®C, 
thus causing the water kept in cans in the brine 
tank to freeze into ice. From the expansion coils the ammonia gas passes once again 
into the compression pump, and the process repeats, figure 9J. 

Ammonia by other methoda, — (i) by the reduction of the oxides of nitrogen ; 
e.g., by passing a mixture of nitric oxide and hydrogen over heated spongy platinum : 

2NO + 5H, = 2NH3 + 2H2O. 

(ii) By heating a solution of a nitrate or nitrite with zinc and strong caustic soda 
solution : NaNOj + 8H = NaOH + NH, -f 2H,0. 

(iii) By heating a metallic nitride with an alkali : > 

MgsN* + 6HOH = 3Mg(OH)8 + 2NH, 

AIN + NaOH + H^O = NaAlO, + NH,. 

These methods are not suitable for the laboratory preparation of ammonia. 

Manuracture of ammonia. — (i) Gasworks ammonia. — Ammonia is obtained 
as a by-product in the manufacture of coal-gas. Coal contains about 1 — 1.5 per cent 
nitrogen and also some hydrogen. When coal is subjected to destructive distillation 
for the manufacture of coal-gas, the nitrogen is converted mainly into ammonia which 
collects in the ammoniacal liquor as an aqueous solution — the liquor containing bodi 
free ammonia and ammonium salts. The liquor is heated with steam to drive dut' 
the free ammonia, and the reddue is then treatdft with milk of lime and additional 
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•tettn to liberals ^e amntonia &ooi its salts. The ammohia is absorbed in 60 per 
cent snlphuric acid, yielding crystals of anunonium sulphate, mostly used in agriculture 
a ftrfcaUser. 

2NH, -f HaS04 = (NH4)aS04. 

The yield is about 20 — ^25 lbs. of ammonium sulphate per ton of coal. 

(ii) Synthetic ammonia : Haber’s process. Synthesis of 
ammonia from its elements is utilised in the Haber’s process : 

Na+3Ha ^ 2NH3+2 X 1 1,000 calorics. 

The feaction is exothermic (i.e., attended with evolution of heat) 
and reversible. The yield of ammonia diminishes with rise of 
temperature. The reaction should, therefore, be conducted at a low 
temperature (p, 117). But at a low temperature the speed of the 
reaction is slow, and hence the reaction is carried out at an optimum 
ien^ature at which the speed of the reaction is not too slow, nor 
the yield of ammonia too low. The optimum temperature is about SOO^C 
in the Haber^s process. 

The speed of the reaction is increased, by using a catalyst— 
divided iron with ‘promoters’ such as traces of molybdenum, or a 
inixture of aluminium oxide and potassium oxide, is the catalyst used. 

The fprmation of ammonia takes place with a contraction in 
volume and hence it is favoured at high pressures (p. 1 1 7). A pressure 
of 200 atmospheres is employed in the Haber’s process. 

The tabic shor.vs how the yield of ammonia depends on temperature and 
pressure — equilibrium percentages by volume of ammonia are as follows 
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Fig. 93 

A inixture of pure and dry nitrogen and hydrogen in the ratio of 
1 : 3 t>y volume is compressed to 200 atmospheres and sent by means 
of^ pv|np P' via a si^li^ drying chamber (1) into die catalyst 
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chamber (fig. 93) which is a tube (2) of chrome-vankdium steel. 
The gases ^t circulate around the outside of the central tube (2) 
and thereby get preheated and and then pass down the tube containing 
trays of promoted catalyst kept at 550® by being heated- electrically ; 
but once the reaction starts external heating is unnecessary. Nitrogen 
and hydrogen react to yield ammonia. The reaction is exothermic, 
and hence the incoming mixture of nitrogen and hydrogen is circulated 
round the catalyst*tube for maintaining the optimum temperature. 

The gases leaving the catalyst chamber contain aSout 12% 
ammonia and the rest unconverted nitrogen and hydrogen, and pass 
through a heat-interchanger (3; to preheat the entering gases. The 
ammonia formed is removed by absorption in water, and for this the 
cooled gas is brought in contact with water in washers (5) while still 
under high pressure^ producing a 25% solution of ammonia. The 
unreacted nitrogen and hydrogen are circulated by a pump P via the 
heat-interchanger (3) and are dried in the soda-lime tower, and 
these together with more nitrogen and hydrogen, are recirculated by 
a pump P' to the catalyst chamber and so the process continues. i 

The unreacted nitrogen and hydrogen, instead of bein^ recirculated, arc blo^ 
off from time to time to remove the argon which unavoidably enters the plant with 
the nitrogen. 

A pressure of 900 atmospheres is used in Claude’s process — in high pressure 
processes ammonia is removed by cooling and liquefaction under pressure. 

The required mixture of nitrogen and hydrogen is usually made from : 

(a) the nitrogen obtained from liquid air by fractionation and the hydrogen 
prepared electrolytically. 

(b) a mixture of water gas (CO -f- Hj) and producer gas (CO + N*) — these 
•gases in correct proportion are mixed with »cess steam and passed over a heated 
•catalyst (mixture of Fe ,03 + Cr, 03 ) at 450®C (p. 187), when CO is oxidised to 
COj, thus CO + H,0 CO, + H,. The CO, is removed by absorption with 
water under pressure and last traces of CO by washing with ammoniacal cuprous 
formate solution under 200 atmospheres — the pure nitrogen-hydrogen mixture is 
Teady for the process ; the method was used u original Habpr plant. 

• 

There is a Haber plant in Mysore State. The Sindri Fertiliser project has gone 
into operation to produce ammonia by the Haber process, getfing the nitrogen- 
hydrogen mixture from azr, coal and iteam. • 

The ammonia may be absorbed in a suspension of crushed calcium 
sulphate (calcined gypsum) in water and carbon dioxide passed into 
the liquid — the precipitated calcium carbonate is filtered off and 
ammonium sulphate is crystallised out from the filtrate ; a process 
•extensively utilised commercially. Ammonia is thus converted into 
ammonium sulphate without using sulphuric acid. 

2NH3+C0a+Ha0H-CaS04 = (NH4)aS04+CaC0s. 

Ammonium sulphate is produced by this method in the Sindri 
(fertiliser plant. * ' 



234 


iml&RMEDlATE CHEMISTRY 


(iii) Cya n a mid e Process. — Heated calcium carbide absorbs nitrogen, yielding- 
calcium cyanamide, thus : CaCa + N* = NCaCN (calcium cyanamidc) + C. 

The cyanamidc furnace is a refractory-lined sheet iron 
cylinder, with a thin carbon rod passing through the centre. 
Fig. 94. A cardboard tube is placed round the carbon rod and 
the crushed calcium carbide is packed in with cardboard partitions- 
at intervals. The cardboard tube and partition burn up during 
the operation and leave openings for the circulation of nitrogen. 
On passing electric current through the carbon rod, the 
temperature rises to about BOO^C ; pure nitrogen, freed from 
moisture and oxygen, is then fed in at the base, under pressure,, 
and the reaction yielding calcium cyanamide takes place. The 
reaction is exothermic and the temperature of the mass rises 
to 1100®G. When no more nitrogen is absorbed, the sintered 
mass is cooled. 

The dark grey product thus obtained is called nitrolim.. 
It is wetted with water to decompose any unconverted carbide 
and is then hydrolysed in autoclaves, i.e., pressure digesters, 
into which steam is passed under a pressure of 3 atmospheres,, 
yielding ammonia and calcium carbonate. 

Ammonia is driven out by increasing the pressure gradually to about 11 
•atmospheres : NCaCN + 3HaO = aNHj -h CaCOj. 

Ammonia is no longcf manufactured by this process ; but the nitrolim is prepared* 
to be used directly as a fertiliser, since it slowly liberates ammonia in the soil. 

Volumetric composition of ammonia : (i) Eudiometric 

method. — ^The method depends upon tHe decomposition of ammonia 
into nitrogen and hydrogen by continued electric 
sparks. Dry and pure ammonia is collected in an 
eudiometer (fig. 95) over mercury — its volume 
measured — ^and then subjected to scries of electric 
sparks until no further increase in volume takes 
place. The final volume after due adjustment of 
the mercury levels is found to be double the original 
volume. 

An excess of oxygen is then passed into the 
eudiometer and the mixture again sparked when 
the hydrogen is oxidised into water resulting in a 
contraction in volume which • is noted. The 
residual gns im the eudiometer is nitrogen and the 
oxygen left unuse|l. 

Taking 2 volumes of ammonia, the volume after sparking becomes four. The 
contraction after sparking, with the excess of oxygen becomes volumes ; of this, 
two-thirds, namely 3 volumes, is due to hydrogen, and hence nitrogen occupies 1 
volume only. Hence : 

1 volume nitrogen + 3 volumes hydrogen = 2 volumes of ammonia. 

/. 1 molecule nitrogen + 3 molecules hydrogen == 2 molecules ammonia, 

by Avogadro’s hypothesis. 

Or, J mol. nitrc^cn -J- U mol. hydrogen = 1 mol. ammonia. 

i.e., 1 molecule of ammonia contains 1 atom of nitrogen and 3 atoms of hydrogen,, 
simae molecules of nitrogen and hydrogen are diatomic, and hence the formula is. 
NHs* This is confirmed by the experimentally found vapour density of the gas 8.5,. 
which shenv that the molecular wf ight is 1 7. 
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(ii) Hofmann’s method. — ^The method depends upon the 

liberation of nitrogen by the interaction between ammonia 
and chlorine gas : 

2NH3+3CI2 = 6 HC 1 H-Na ; 6NH3+6HCI = 6NH4CI. 

A long graduated glass tube (fig. 96), fitted with a 
stop-cock at one end and a dropping funnel at the other, 
and marked off into three equal volumes by rubber ringSy is 
filled with chlorine gas. Excess of a concentrated solution • 
of ammonia is cautiously and gradually added from the 
funnel to the chlorine in the tube which decomposes 
ammonia liberating nitrogen. 

Ammonia reacts vigorously with the chlorine, giving flashes of 
yellowish-green flame and forming white fumes of ammonium 
chloride, and hence the tube is cooled by dipping in a tall jar of 
water. 

The excess ammonia is then neutralised by adding 
dilute sulphuric acid. The top of the funnel is then closed 
and the stop-cock at the bottom is opened in the jar of* 
water — ^water fills the tube up to two-thirds only. The 
remaining one volume is occupied by a gas whicB is found 
to be nitrogen. 

Hydrogen and chlorine combine in equal volumes to 
form hydrogen chloride : H 2 *+Cl 2 == 2HC1. , 

The three volumes of chlorine must have combined with three 
volumes of hydrogen derived from ammonia which simultaneously 
liberates one volume of nitrogen, filling only one division of the tube. 
Hence, ammonia is made up of 1 volume of nitrogen and 3 volumes 
of hydrogen. 

1 volume of nitrogen is combined in ammonia with 3 volumes of hydrogen. 

Suppose n molecules of nitrogen are contained in I volume of nitrogen. 

Then, n mols of nitrogen combine with 3n mols of hydrogen to give ammonia. 

1 mol. of nitrogen combines with 3 mols of hydrogen to give ammonia. 

Or 2 atoms of nitrogen combine with 6 atoms of hydrogen to give ammonia. 

i.e., the ratio of number of nitrogen atoms to number of hydroj^n atjms is 2 : 6, 
i.e., I : 3, in ammonia, and hence the formula for ammonia is (NHs);:. 

The vapour density of ammonia is found by experiments to be 8.5, and hence 
the molecular weight is 17. (NHs)x = 17, or (14 -|- 3)x =q7, /. x = 1. 

Gravimetric composition of Ammonia. — The nfcthod depends upon the 
oxidation of ammonia by heated copper oxide, thus : 

3CuO + 2NH, - 3Cu + Nj + SHjO. 

A hard glass tube containing copper oxide followed by copper gauze, is connected 
to weighed calcium chloride tubes and a weighed exhausted globe. The copper 
is used to reduce oxides of nitrogen, if any be produced. 

5GuO + 2NH3 = 5Cu + 2N0 + 3H,0 ; 2Cu + 2NO == 2CuO + N, 

The tube is heated in a furnace, and a measured volume of dry ammonia gas 
(the weight of which under the given conditions is calculated from the normal density) 
is slowly passed through the tube. t 



Fig. 96 
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The water formed is absorbed in the calcium chloride tubes, and the weight 
of hydrogen is calculated. The nitrogen passing on is collected in the globe, and 
its weiglit found out. In this way the ratio of the weight of nitrogen to that of hydrogen 
is found to be 14 ; 3. This is in the ratio of 1 atom of nitrogen to 3 atoms of hydrogen, 
and hence the formula for ammonia is {NHa)x. 

(NH 5 );c = 2 X 8.5, the vapour density of ammonia is 8.5, 

i.e., (14 + 3).x = 17, or ^ = 1 ; formula is NH 3 . 

Ammonium Salts 

c . . 

Ammonia is a very weak base but it leacts with acids, yielding 
ammonium salts which are stable compounds. T he ammonium salts 
contain the ammonium radical NH4, which behaves like an alkali metal. 
The ammonium salts are often very similar to and isomorphous 
with the corresponding salts of the alkali metals, particularly potassium, 
but they differ in their actions towards heat and all^li. Alkali 
liberates ammonia from ammonium salts : 

(NH4)2S04 + 2 NaOH = Na2S04 + 2NH3 + 2H2O. 

, Certain ammonium salts decompose while many others dissociate 
on heating : NH4NO3 = N^O + 2H2O ; NH4CI NH3 + HCl. 

Ammonium salfs may be prepared by neutralising ammonia with 
acids, but they are generally prepared from ammonium sulphate 
obtained by neutralising by-product ammonia from gas works with 
sulphuric acid. ^ 

Ammoiiium cUoride or sal-asnmoniac. NH4CI, was first 
prepared by the Arabs by heating camel’s dung. It may be obtained 
by distilling a mixture of common salt and ammonium sulphate, 
when ammonium chloride sublimes, or by neutralising ammonia with 
hydrochloric acid. 2NaCl+(NH4)2S04 = Na2S04+2NH4Cl. 

A white crystalline solid with a saline taste, it is soluble in water 
with a considerable lowering of temperature. It dissociates on heating 
into ammonia and hydrochloric acid : NH4CI ^ NH3 + HCl. 

Its use in tinning and soldering depends on dissociation — the hydrogen chloride 
formed cleanses the metal surface by dissolving oxide films and thus enables the 
solder to ‘bite* firm', a It also ^^ds applications as a reagent in the laboratory, 
in drv cells, in medicine, and in dyeing and calico printing. 

Amnfoninm sulphate. — 1 C may be prepared by passing 
ammonia gas in{o 60 per cent sulphuric acid or by passing ammonia 
into a suspensitjn of gypsum in water and then passing carbon dioxide 
through the liquid (p. 233). 

CaS04+2NEf3+C0a+Ha0 ^ CaC03+fNH4)2S^4^ 

It forms transparent crystals isomorphous with potassium sulphate 
and is very soluble in water. 

Besides its use as a laboratory reagent, it finds uses in the preparation of other 
ammonium salts. It is extensively us^ as a fertiliser in agriculture. 

Atumonium iiitrate5 NH4NO3. — It is prepared by neutralising 
ammonia with 60% 'nitric acid or by double decomposition of 
Munonium sulphate and sodium nitrate in aqueous solution. 

. ^ (NH4)2S04+2NaN03 Na2S04+2NH4N03. 
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Sodium sulphate separates first from the hot solution — ^ammonium 
nitrate crystallises out on cooling. A white crystalline solid, freely 
soluble in water, ammonium nitrate decomposes on heating into 
nitrous oxide and water : NH4NO3 = NgO + 2H2O. 

It is liable to detonation if stored in bulk. The high escplosive ammonal and amatol 
are the mixtures of ammonium nitrate with aluminium and T.N.T. respectively. 

Ammoiiium nitrite, NH4NO2, may be made by evaporating a 
solution of ammonium chloride and sodium nitrite in vacuum and 
subliming in vacuum. NH4CI + NaNOg = NH4NO2 + NaCl. 

An explosive deliquescent solid, it decomposes by heat into 
nitrogen and water. NH4NOa = Ng + 2H2O. 

A solution of a mixture of sodium nitrite with ammonium chloride or sulphate 
is used for the preparation of nitrogen. 

Ammonium carbonate or sal-voladle, (NH4)2C03. — It is. 
prepared by heating a mixture of ammonium sulphate and well-ground 
chalk, when ammonium carbonate sublimes : 

(NH4)2S04 + CaCOa = CaS 04 + 

The sublimate is largely a mixture of ammonium bicarbonate 
NH4HCO3, and ammonium carbamate, NH2CO.ONH4, with some 
normal carbonate (NH4)2COa, but in solution the carbamate is 
hydrolysed to normal carbonate : NH2C0.0NH4+H20=(NH4)3C03. 

The normal carbonate is obtained as a white crystalline solid by digesting the- 
commercial carbonate, sal volatile, with concentrated aqueous ammonia at low 
temmature, 12 °G, for several hours. 

It is used as a reagent in the laboratory and in medicine in smelling salt. 

Yellow ammonium sulphide. — ^When hydrogen sulphide is led into concen-^ 
asted ammonia (liquor ammonia) solution diluted with 4 times its volume of water, 
a solution of ammonium hydrosulphidc, NH4HS results — the solution on digestion 
with flowers of sulphur yields yellow ammonium sulphide solution whih contains 
ammonium polysulphide (NH4)jSx. The colourless ammonium hydrosulphide 
solution on exposure to air, turns yellow due to liberation of sulphur whichdissolves. 
in the excess of hydrosulphide to give yellow ammonium sulphide solution. 

NH3 + H4S = NH4HS ; NH4HS + O (air) = NH3 4- HgO + S 

2NH3 ■+■ HjS 4- xS = (NH4 )jSx (yellow ammonium sulphit^p). ^ 

The yellow ammonium sulphide solution deposits sulphur qn acidification. In 
dissolves sulphides of As, Sb and Sn and hence its use as a reagent in the 
laboratory. • 

Tests. — (i) Ammonium salts when warmed with caustic soda or soda lime give- 
the charact|^ic pungent smell of ammonia. 

(ii) Ammonium salts give a yellow or brown colour or a precipitate with NesslerV 
reagent. 

Hydroxylamine, NHaOH. — It is a base and forms salt with 
acids, e.g., hydroxylamine hydrochloride, NH2OH.HCI. The s^ts. 
are made by : 

(a) The reduction of nitric oxide with nascent hydrogen : NO + 3H « NH.OH 
Nitric oxide is passed through flasks containing tin and concentrated hydrochloric 
acid. Hydroxylamine hydrochloride is formed and also some ammonium chloride. 
The tin is precipitated with hydrogen sulphide ^ and filtered off— the filtrate h 
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^evaporated to dryness and extracted with absolute alcohol, whicli di^olves out the 
NHj^OH.HCl but not NH4CI. The hydroxylamine hydrochloride is precipitated 
from the alcoholic solution by ether. 

(b) The reduction of nitrite with sodium sulphite. — Sulphur dioxide is slowly passed 
into a cold solution containing sodium nitrite and sodium carbonate at —2°C, until 
just acid. The sodium salt of hydroxylamine sulphonic acid is formed. This, on 
keeping at 90® for 2 days in presence of dilute sulphuric acid, yields hydroxylamine 
sulphate, (NHa0H)jS04. It is crystallised out after neutralising with sodium 
-carbonate. 

f NaNOa + 3NaHSO, = H0.N(S03Na)a + Na^SOa + HgO. 

HO.N(SOaNa), + 2H2O = HO.NHa + 2NaHSO*. 

(c) The electrolytic reduction of nitric acid. — HNOs + 6H — NKjOH -f 2HaO. 
A lead anode is separated by a porous pot from an amalgamated lead beaker (which 
is the cathode) cooled in ice. The cathode and anode compartments contain fifty 
per cent sulphuric acid. Hydroxylamine sulphate is formed on adding 50 per cent 
nitric acid drop by drop to the cathode compartment. 

Pure hydroxylamine is made by the action of sodium methoxide 
on hydroxylamine hydrochloride in methyl alcohol solution. 

HO.NHg.HCl+CHaONa = NHaOH+NaCl+CHsOH. 

The precipitated podium chloride is filtered off and the filtrate is 
•distilled under reduced pressure (40 mm.) when methyl alcohol 
distils first and then hydroxylamine. 

It forms colourless, deliquescent crystals, m. p. 33®. It decomposes explosively 
on heating, giving^ nitrogen, ammonia and nitrbus oxide : 

3 NHaOH - N* + NH, + 3 HaO ; 4NH2OH = N^O + 2NH3 + SHjO. 

The aqueous solution is a weaker base than ammonia and prcpicipi tales many metallic 
hydroxies (Zn, Al, etc.) : NH3OH 4* H*0 ^^NH30H'* + OH', 

It is a strong reducing agent, precipitating cuprous oxide from alkaline solutions of 
copper salts (Fehling’s solution) and metallic gold from its salts, and reducing ucH 
.solutions of ferric salts to the ferrous state — nitrous oxide is formed at the same time. 
It also reacts quantitatively with iodine. 

2NH3OH + 4CuO - 2CU3O + N3O + 3H3O 

2NHjOH + 4FcCl3 = 4FcCls + N3O + 4HC1 + H3O. 

2NH,OH + 21, = 4Hl + N,0 + H2O 

In alkaline solution ferrous compounds are oxidised to the ferric state and ammonia 
is formed : * 

„ NHjOH + 2Fe(OH), + rf.O = 2Fe(OH), + NH,. 

Hydroxylamine reacts with hydrogen peroxide, evolving oxygen : 

NH,Ok + H,0, - NH3 + H,0 + O, 

With nitrous 'acid hydroxylamine gives nitrous oxide, and with nitric acid it 
evolves nitric oxide on v^arming. 

NH,OH + HNO, = N,0 + 2H,0 ; NH,OH + HNO, = 2Ndi + 2H,0 

In absence of water hydroxylamine shows feeble acid properties, e.g., it forms 
-a calcium compound (H3NO),Ca. 

Hydrazine^ N2H4. — It is made by boiling ammonia solution 
with a solution of sodium hypochlorite in presence of a little glue 
which prevents the oxidation of ammonia to nitrogen. Chloramine, 
NH^CU first formed, reacts with excess ammonia to give hydrazine. 

NHs+NaOCl = NHgCl+NaOH ; NHs+NHjCl == N^H^+HCl. 
solution is then acidified with dilute sulphuric acid and the 
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hydrazine sulphate, N 2 H 4 .H 2 SO 4 , crystallised out. The hydrazine 
^sulphate is then distilled under reduced pressure with strong caustic 
potash solution in a glass apparatus avoiding eprk or rubber connec- 
tions, when hydrazine hydrate is obtained as a colouiless fuming liquid. 
This on distillation over solid caustic potash or barium oxide gives 
anhydrous hydrazine ^ a colourless liquid, b.p. 113.5° and m.p. 1.4°. 

It is soluble in water and alcohol. It readily absorbs moisture and carbon- 
dioxide from the air, and is poisonous. It inflames in dry oxygen, readily reacts 
with halogens, and splits on heating. 1 

N,H4 + 21, = N, 4- 4HI ; SNjH, = N, + 4NH, 

It is a very weak base (weaker than ammonia) and forms salts which are hydrolysed 
in solution. 

It is a powerful reducing agent, precipitating gold, silver and platinum from their 
salts, and reducing Fehling’s solution to cuprous oxide and ferric salts to ferrous 
salts : 

4CuO + N,H 4 = 2Cu,0 + 2H,0 + N, 

It reacts quantitatively with iodine in presence of sodium bicarbonate or with 
permanganate in presence of dilute sulphuric acid. 

NaH* + 21, = 4HI 4- N, ; N,H 4 4 - 20 - N, 4- 2H,0. 

Hydrazoic acid, N 3 H. — ^The sodium salt of hydrazoic acid 
(sodium azide) is made by passing nitrous oxide over heated (to 190°) 
sodamide— the water formed acting on a part of the sodamide to 
form ammonia : 

NaNHg+NaO = NaNa+HaO ; NaNHa+H^O -= NaOH+NHa. 

The sodamide is first made by passing ammonia over fused sodium 
at 150°— 250°. 

2Na + 2 NH 3 = 2NaNHa + Hg. 

The sodium azide on distillation with 50 per cent sulphuric acid gives 
a solution of hydrazoic acid. The solution is fractionated, dried with 
fused calcium chloride and finally distilled, when pure hydrazoic acid 
is obtained as a colourless mobile liquid, b.p. 37°. It is dangerously 
explosive and poisonous, 

^ It dissolves in water forming a corrosive acid liquid in which it is only slightly 
ionised : The solution dissolves many metals (Zn, Cu, Fc) ev^olving nitrogen ; 

N,H N,' 4 - ; Zn 4 - 3N,H - ZnCN,), + N, 4* NH,. 

The azides of alkali metals evolve pure nitrogen on heating : 2N,Na*t= 2rf a 4- 3N,. 
Azides of heavier metals are explosive, lead azide, Pb(N,)„ being used as a detonator. 

.The soluble azides give a white precipitate of silver azide, NjAg, sdluble in ammonia, 
and a blood-red colour with ferric chloride which is discharged by HCl (cf. 
thiocyanate). The hydrazoic acid is formulated as N N = NH. 

Oxides and oxyacids of nitrogen 

The chief oxides and oxyacids of nitrogen are the following ; 

Nitrous oxide, N,0 Hyponitrous acid, H,N,0, 

Nitric ^xide, NO 

Nitrogen trioxide, N,0,. Nitrous acid, HNO, 

Nitrogen tetroxide, N, 04 , NjO, % 2NO, 

or nitrogen dioxide, NO, 

Nitrogen pentoxide, N,0, Nitric acid, HNO," 

All the oxides of nitrogen arc endothermic at roolh temperature. 
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' Nitrous oxUe, N^O (Laughing gas). 

History.— The gas discovered by Priestly in 1772 by, the action of moist 

iron filings upon nitric oxide ; 2NO + Fc + H,0 = N,0 -f Fe(OH)|. 

But it was carefully studied by Davy in 1799 who gave it the name laughing gas, 
since it caused hysteric laughter on inhalation. 

Preparation. — Nitrous oxide is prepared in the laboratory by 
cautiously heating ^bclow 200°C) dry ammonium nitrate (or a mixture 
of ammonium sulphate and sodium nitrate) in a flask fitted with a 
cork anti a delivery tube — overheating may lead to explosion of the 
ammonium nitrate (fig. 84). The nitrate decomposes, yielding nitrous 
oxide and water : 

(NH4)2S04 + 2NaN03 = Na2S04 + 2NH4NO8. 

NH4N0a=N20+2H20. 

The gas is collected over hot water or mercury, since it is 
appreciably soluble in cold water (0.78 vol. in 1 vol. of water at 15°). 

Purification. — ^The gas produced by the above reaction contains 
t moisture, nitrogen, higher oxides of nitiogcn, ammonia and chlorine 
(due to the presence of a little ammonium chloride in the nitrate) as 
impuiities. It is •carefully purified by passing successively through 
(i) caustic potash solution to absorb chlorine and nitrogen dioxide, 
\ii) ferrous sulphate solution to absorb nitric oxide, and 
fiii) concentrated H2SO4 to remove moisture and ammonia, and then 
collected over*mercury — the gas, however, contains a little nitrogen. 
The purified gas is liquified by compression in steel cylinders. 

Very pure nitrous oxide is obtained by mixing solution of hydroxylamine 
hydrochloride and sodium nitrite : NH3OH, HCl + NaNOs ~ NaCl+NaO+ZHjO. 

Nitrous oxide is also formed by reducing NO with sulphur dioxide or dilute 
HNO« with zine or by boiling nitric acid with stannous chloride (in HCl) solution. 

2NO + SOj + Hfi = H3SO4 + NaO. 

4Zn + lOHNO, - Zn(NOs)a + 5H,0 + NgO. 

2HNO, + 4SnCla + 8HCI = 4SnCU + 5HaO + NaO. 

Nitrous oxide is not readily synthesised but may be obtained by passing an electric 
discharge through a mixture of nitrogen and oxygen at low pressure. It is an 
endtfthermic compound : Na + tOa = NaO — 19,700 cals. 

Properties. — (i) A colourl&s neutral gas with a faint but pleasant 
smell, nitrous oxide is fairly soluble in cold water and more so in alcohol 
but insoluble in hot water. The solution has no action on litmus ; 
hence it is ap neutral oxide and does not behave as the anhydride 
of hyponitrous acid, which, however, yields nitrous oxide on 
decomposition : ri2N208 (hyponitrous acid) = N2O+H2O. 

, (ii) It produces hysteric laugher on inhalation and hence the 
name laughing gas — ^but continued inhalation causes insensibility 
to pain and finally death. 

(iii) It docs not bum but resembles oxygen in supporting combustion 
ofthe burning substances and relighting a glowing splint, since it readily 
Recomposes above 600°C, yielding a gas containing one*^rd its 
, wbjime of oxyilto : 2N2O =* 2N8+02. Nitrous oxide supports 
J^^bustion more vigorously than air. 
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Burning pieces of phosphorus^ charcoal, sulphur, and heated 
metals such as sodium, potassium and iron wire, burn brilliantly in 
the gas — the heat decomposing the gas with the liberation of oxygen 
which supports combustion. It is also reduced by heated copper. 

SNjO + 2P = PjOs + 5Na ; 2N*0 + S = SO, + 2Na. 

NaO + 2Na = Na^O + ; NjO + Cu = CuO + N*. 

Both nitrous oxide and oxygen arc colourless gases ; both support 
combustion ^ogorously and rekindle a glowing splinL 

But nitrous oxide differs from oxygen in the following respects : 


Properties 

Nitrous oxide 

Oxygen 

(i) Density (H « 1) 

22 

16 

(li) Odour 

Faint sweet odour. 

Odourless. 

(iii) Solubility in 
(a) water 

Fairly soluble in cold 
water (1.3 c.c. per c.c. 
of water at 0*^) ; insoluble 
in hot water. 

Scarcely soluble. 

(b] alcohol 

Fairly soluble (4.18 c.c. 
per c.c. of alcohol at 
0°). 

Nil. 

Much less soluble than 
nitrous oxide. 

(iv) Solubility in alkaline 
pyrogUate 

Readily absorbed. 

(v) Reaction with nitric 
oxide 

No reaction 

Reddish-brown fumes of 
NO,. 

(vi) Burning white phos- 

Phosphours bums bril- 

Phosphorus burns 

phorus is inserted in the 

liantly. Water does not 

brilliantly. 

gas jars ; combustion 

rise up in the jar, since 

Water rises up and fully 

over, the jars arc inverted 

equal volume of N, is 

fills the jar, since the O, 

over water 

is liberated. 

5N,0+2P-P,0,-|-5N, 

is completely absorbed. 
4P -h 50, = 2P,0,. 


Use of nltroiio oxide. — It i.i used as a mild anaesthetic in dental and other minor 
surgical operations. The gas for this purpose must be pure and is administered 
along with about 10% oxygen. • 

Nitric Oxide, NO. — ^Preparatioh. — ^The gas was first investigated 
by Priestley in 1772. Nitric oxide is usually prepi^rec? in the 
laboratory by the action of copper turnings upon cold dilute nitric 
acid (1 vol. concentrated acid + 1 vol. water). Copper turnings 
are taken in a Woulfe’s bottle fitted with a thistle funnel and a delivery 
tube, and covered with a layer of water. On ]jk>uring concentrated 
nitric acid down the funnel, nitric oxide is liberated which forms 
reddish-brown fumes of nitrogen peroxide with the air in the bottle. 
The brown fumes arc allowed to escape and the colourless gas is 
collected over water : 

3Cu + 8HNO» = 3Cu(N08)a + 4HaO + 2NO. 

Piuificatioii« — The gas so obtained is not pure ; it contains the 
impurities nitrogen and nitrous oxide. It is purified by absorbmg it 
in cold saturated solution of ferrous sulphftte (when the dark brown 

16 
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nitroso compound [Fe(N0)]S04 is formed) — the dark brpwi solution 
on heating yields nearly pure nitric oxide which may be dried by 
sulphuric acid and collected over mercury : 

FeS04 + NO ^ [Fe(N0)]S04. 

Nitric oxide is formed in small quantities at very high temperature by direct 
synthesis : N* + O* ^ 2NO — 2 x 2 1,600 calories. 

Nearly pure nitric oxide is formed : (i) by heating a mixture of dilute sulphitfic 

arid, ferrous sulphate and potassium nitrate, or (ii) by the action of ferrous chloride 
in acid solution on sodium nitrate : 

2HNO, + 6FeS04 + 3HaS04 3Fca(S04), -f- 4HaO + 2NO. 

3FeCla + NaNOj + 4HCI = 3FeCl, + NaCl + 2H*0 + NO. 

\>ry pure nitric oxide is obtained : (i) by the action of acidified solution of 

potassium iodide bn sodium nitrite : 

2NaNOa + 2Kr + 4HC1 = 2NaCl + 2KGI + Ij + 2HaO + 2NO. 

or (ii) by shaking mercury with a solution of potassium nitrate and cone, sulphuric 
acid : 

2KNO> 4- 4H3SO4 + 6Hg = KaSO* + 3Hg,S04 + 2NO + 4HaO. 

Properties. — (i) A colourless, poisonous gas, it is slightly heavier 
than air and only slightly soluble in water. It is a neutral oxide like 
nitrous oxide. 

(ii) It does not burn nor does it ordinarily support burning. 
Compared with nitrous oxide (decomposing at 600®C) nitric oxide 
decomposes art 100(j»®G. Hence only vigorously burning phosphoius 
or boiling sulphur . burn in the gas — the heat being sufficient to 
decompose nitric oxide, yielding oxygen : 2NO = Ng + 

Feebly burning phosphorus, burning sulphur and charcoal or a 
lighted taper aie extinguished in the gas : 4P + 10NO = 2Pa05+5N2. 

(iii) It readily unites with oxygen, yielding reddish brown fumes 
of nitrogen dioxide : 2NO +02= 2NO2. 

(iv) It is absorbed by cold ferrous sulphate solution to yield a 
dark brown liquid containing the unstable nitroso-compound, 
(Fe.N0)S04, which decomposes on heating, liberating nitric oxide. . 

* I eS04 + Np ^ (Fe.N0)S04. 

NO i^apiMly absorbed by alkaline sodium or potassium sulphite solution, forming 
diniiroso sulphite. Naa(i\0)aS03, which at once evolves NjO on acidification ; 

^ • Na3(N0)aS03 * Na3S04 + N*0. 

. (v) It reacts with chlorine in presence of charcoal yielding nitrosvl 
chloride : 2NO +*C1, = 2NOC1. 

(vi) It may be reduced to ammonia, when heatea vnth hydrogen 
in presence of platinum : 2NO + 5H2 = 2NH3 + 2H2O. 

It 19 reduced to hydroxylaminc by tin and hydrochloric acid, and to nitrous oxide 
by sulphurous acid. 

NO + 3H NH3OH ; 2NO + HjSO, « NjO + HtSO,. 

. Like other oxides of nitrogen, it may be reduced to nitrogen by 
metab like sodium, potassium, iron, eopper and nickel 

1 !. Igu + 2NO = 2CuO + N, ; 2Ni + 2NO 2NiO + N,. * 
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A mixture of nitric oxide and carbon disulphide vapour, made by shaking few 
drops of carbon disulphide in a jar of nitric oxide, when ignit^ burns with a bruliant 
blue llame : 

2CS, 4- lONO = 2CO + 4SO* + 5N«. 

Nitric oxide is thus an oxidising agent. But a powerful oxidising 
agent like potassium permanganate oxidises nitric oxide to nitric acid 
— the permanganate is reduced to a colourless solution ; here nitric 
oxide acts as a reducing agent : * 

6KMnO4+9H2SO4+10NO = 3K^S04+6MnS04^ ^HgO+lOHNOj. 

Iodine also oxidises nitric oxide into nitric acid ; 

3I2 + 4H2O + 2 NO = 2HNO3 + 6 HL 

Nitric oxide is used as a carrier of oxygen in the manufacture of sulphuric acid 
by the chamber process. 

Composidon of nitrous oxide and nitric oxide.— The following 
methods are available. — (i) Thumb tube method. — Gay-Lussac 
and Thenard (1811) determined the 
compositions of nitrous oxide and nitric 
oxide by heating potassium in a measured 
volume of the gas. The pure gas (nitrous 
oxide or nitiic oxide) is collected by the 
displacement of mercury in* a bent tube 
standing on mercury — (fig. 97) — the volume 
of the gas is noted. A piece of potassium is 
then inserted into the tube and heated in 
the gas when the potassium combines with 

the oxygen, setting nitrogen free— -on cooling, the volume of the gas 
which is found to be nitrogen is noted. 

(ii) The composition may also be determined by heating a spiral 
o{ iron wire in a measured volume of the gas when it unites with oxygen, 
setting nitrogen free. A graduated tube is fitted at one end with 
a cork through which pass a pair of platinum wires connected together 
by a spiral of iron wire inside the tube. The tube^stands in a trough 
of mercury— the volume of the gas* is noted. The iron wire is then 
heated electrically by connecting the platinum wires with th<f terminals 
of a battery. The iron wire combines with the occygen, liberating 
nitrogen whose volume is noted after adjustment of niiercury levels. 

Esperiniental Results : — (i) Nitrous oxide.— It is found that the volume of 
the gas remains unaltered, i.e., nitrous oxide contains itS own volume of nitrogen. 
Hence, 

1 volume nitrous oxide contains 1 volume nitrogen. 

/. 1 mole nitrous oxide contains 1 mole nitrogen, (by Avogadro*s hypothesis). 

Hence, the formula is NgOx and the molecular weight = 28 -f 16ir. 

But the mol. wt. « 2x22 *= 44, the vapoui^ density being 22, 

28 + 18x s= 44 X = 1. Hence the formula is NjO. 

(ii) Nitric Oxi^e*^It is found that nitric oxicle contains half its volume of 
tutr^en. Hence, 

I vohime nitric oxide oontailos 4 vdume hitf^en. • 

1 mole nitric oxide oontalnt I mole nitrogda, (by Avogadto’s h^theds^ 
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the formula ii NOx ond the mol. wt » 14 + 16x. 

But the mol. wt. « 2 x 15 « 30^ the vapour density being 15. 

14 + 16x aa SO* or X B 1 ; hence the formula b NO. 

(Hi) The formula of nitrous oxide may be determined by exploding the gas with 
hyd^en in a eudiometer, (Davy, 1799). 20 c.c. of the gas are mixd with 20 c.c. 
of hydrogen and explodcd-~20 c.c. of nitrogen are found. 20 c.c. of hydrogen must 
have combmed with 10 c.c. of oxygen to yield water. Therefore 20 c.c. nitrous 
oxide cont^ 20 c.c. nitrogen and 10 c.c. oxygen, i.e., 1 vol. nitrous oxide contains 
I vol. nitrogen and i vol. oxygen and hence the formula may be deduced to be N^O. 

JVihb axicb aloiu does not explode with hydrogen, but if mixed with an equal volume 
of nitrous oxide, both the gases explode when ^e mixture b sparked with an equal 
volume of hydrogen. 

^ Nitrogen tiioxidey NjOs. — It may be obtained by distilling a 
mixture of equal weights of arsenious acid and nitric acid (60 per cent) 
and condensing the vapours in a receiver cooled in freezing mixture : 

AsgOs + 2HNOs = AsaOs + N*Oa + Ufi. 

A blue liquid at very low temperature, it dissociates giving reddbh brown fumes : 

NjOg ^ NO + NO,. 

It forms nitrous adJ with water, and nitrite with alkali. It b thus the anhydride 
of nitrous acid. 

N,0, 4- H,0 « 2NHO,. N,0, + 2NaOH « 2NaNO, + H,0. 

Nitrogen dtoxide, NOa and nitrogen tetroxide, NjOa. — In the 
laboratory the gas is prepared by heating dry lead nitrate. Powdered 
lead nitrate is taken in a hard glass tube, and the evolved gases, reddish 
brown in colour, are passed through a U-tube, cooled in freezing 
mixture, where nitrogen tetroxide condenses as a pale yellow liquid 
and the oxygen passes out — a glowing taper held at the exit of the 
U-tubc is rekindled, (fig. 61). 2Pb(NOa)8 = 2PbO + 4NOa + O*. 

The experiment may be used to prove that lead nitrate contains Pb, nitrogen 
and oxygen. The nitrogen peroxide is passed over copper heated to bright redness, 
when copper oxide b formed and nitrogen passes on. 

4Cu + 2NO, B 4CuO + N,. 

The yellow residua of lead oxide is heated in a current of hydrogen, when it b 
reduced to metallic lead, which b soft and malleable and marks paper : 

• • PbO + H, B Pb + H,0. 


Properties.— (i) Nitrogen dioxide, NOa, ^ reddish-brown, 
poisonous gas fit condenses on cooling In a good freezing mixture to 
a pale yellow liquid ^b.p. 22^) which gradually separates as colourless 
crystals (m.p. —9"^) of nitrogen tetroxide, Na 04 . It dissociates on 
heating into nitrogen dioxide — the dissociation is complete at 140°C. 

Nj 04 ^ 2 N 0 g. 


During heating the colour deepens i^adually from yellow to reddbh brown — 
the cx)lour change accompanies a decrease in density to 140*^ when the density becomes 
steady and corresponds with NO,. Above 140% again the colour becomes paler 
due to dissociation 2NO, *9 2NO + 0„ and abo the density decreases, unw at 
^620* the gas b colourless when the dbsodation become complete. Reverse ^ange 
occurs on cooling 

2NO, a* 2NO + O 

14(P gas 620” 


occurs on cooling : 

a Os^ ^ NfO, a, NjO, 

j(J -9“ liquid 22* vapour 
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(ii) It does not bum nor support burning readily. But vigoromly 
burning phosphorus, sulphur and charcoal bum in it. .Potassium 
spontaneously inflames in the gas : K + 2NO| = KNO, + NO. 

^ii) It reacts with water, yielding a colourless solution of nitrous 
and nitric acids, hence it is a tidxed acid-anhydride. But the nitrous 
acid decomposes, giving nitric acid and nitric oxide : 

2N0,+H,0 = HNO,+HNO, ; 3HNO, = HN0,+H,0+2N0./ 

Hence the final products are nitric acid and nitric oxide. ^ 
3NO, + H,0 «= 2HNO, + NO. ^ 

The gas is absorbed by alkali, yielding a mixture of nitrate and 
nitrite : 2NOa + 2 NaOH = NaNO, + NaNO, + HjO. 

(iv) It is a powerful oxidising agent. Thus, it lioerates iodme from 
potassium iodide, precipitates sulphur from hydrogen sulphide : 

2KI+NO,+HaO =2KOH+NO+Ia ; HaS+NO, =*HaO+NO+S. 

Sulphur dioxide is oxidised to sulphuric acid in presence of steam 
— a reaction used in the manufacture of the acid. C 3 arbon monoxide * 
is oxidised to carbon dioxide : • 

NOa+SOa+HaO = HaSOa+NO ; NOa+CO « NO+COa. 

It may be reduced to niOQOgen by heated metals such as sodium, 
iron or copper. It may also be reduced to ammonia, by hydrogen in 
presence of platinum ; 2NOa + 7Ha = 2 NHa + 4HaO. 

Gompositlofi. — ^Th« composition of nitrogen dioxide is amrtained by passing 
the gas over weighed copper contained in a tube heated to bright redness (other-wise 
NO is formed) — the nitrogen liberated is collect^ ; its volume measured and weight 
calculated. The increase in weight of the tube gives the weight of oxygen : 

4Cu + 2NO, = 4CuO + N,. 

From the weights of nitrogen and oxygen, the percentage composition of the 
gas is ascertained and thence its formula, which is found to be NO^. 

The formula cannot be accurately determined by volumetric methods, since 
the gas dissociates easily, giving a mixture of NOg and NgOg. 

Nitrogen pentoxideg — It is obtained by the dehydration 

of nitric acid by phosphorus pentoxide. Phosphorus pentoxidc is 
added to concentrated nitric acid contained in a refort •cooled in 
freezing mixture. The mixture on gentle distillation yields nitrogen 
pentoxide which condenses as colourless crystals in ice-^oled receivers. 

2HN08 + PaOj = 2HP08 + 

It may also be obtained (i) by the action of dry chlorine on gently heated silver 
nitrate : 4AgNOg + 2Clg « 4AgCl + 2NgO, + Og. 

(ii) by passing ozonised oxygen into cooled liquid nitrogen tetroxide : 

NgOg “p Of *• NgOf 4- Of. 

Nitrogen pentoxide forms colourless hygroscopic crystals, stable 
below 0 ^, but melts with decomposition at about SO'^C to a dark*brown 
liquid which decomposes into red vapours of NOg and oxygen al 
50®C: 2N808 = 2 N 2 O 4 + Of * 
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Phosphorus^ sodium and potassium burn -in liquid nitrogen 
pentoxide if warmed. Charcoal is not attacked by the liquid even 
on boiling, but it burns brilliantly in the vapour. 

It dissolves in water, giving nitric acid ; hence it is the anhydriae 
of nitric acid. It is a powerful oxidising agent. 

N2O5 + HaO = 2HNO3. 

Comparison of oxides of nitrogen. — (i) All the oxides are gaseous at the 
ordinary t^perature except nitrogen pentoxide, N1O5, which is a colourless solid 
— ana NO are colourless, N^Oj and are reddish-brown. 

(ii) Solubility in water. — NjO is soluble in cold water, NO is slightly soluble, 
while the other oxides dissolve in water, yielding acids, hence they are acidic oxides. 
N^O and NO are neutral. 

NaOa + HjO = 2HNOa ; N^O* + H3O = 2HNO3. 

NjOa -f- HaO = HNO3 + HNO^. 

(iii) Action of alkalis. — Except NaO and NO which are neutral, the rest of 
the oxides react with alkalis. 

(iv) Gombastibllity, etc. — ^All the oxides are non-combustible. NaO readily 
, supports combustion like oxygen, while the other oxides do not ordinarily support 

burning ; but vigorously burning phosphorus, sulphur, etc., continue burning in 
them — the heat Being sufficient to decompose the oxides, liberating oxygen. 

(v) Absorbents. — NaO is absorbed by alcohol, and NO by cold ferrous sulphate 
solution, while the three acidic oxides are absorbed by alkalis. 

(vi) Physiological action. — ^All the oxides are poisonous — NgO is a weak 

anaesthetic. « 

Nitrous acid, HNO2, and nitrities* — ^i) The nitrons acid is 
unstable and is known only in solution. Unlike nitric acid, it is a 
very weak acid and can be liberated from its salts even by acetic 
acid. It may be obtained in solution by adding cold dilute sulphuric 
acid to ice-cold barium nitiite solution and filtering from barium 
sulphate. 

BatNOa)^ + H2SO4 = BaS04 + 2HNO2. 

But at ordinary temperature the acid breaks up giving reddish 
brown fumes of oxides of nitrogen. 

2HNO2 V HgO + NgQe ^ HgO + NO + NOg. 

A nitrite, therefore, yields reddish brown fumes on treatment with 
dilute acids. Nitrous acid decomposes in dilute solutions on keeping, 
yielding nitric ,acia, thus : 3 HNOa = HNO3 + 2 NO + HoO. 

(ii) It is a more jjowerful oxidising agtnt than nitric acid. Thu.s 
iodine is readily liberated when a nitrite is added to an acidified 
solution of potassium iodide — a blue colour is obtained on the addition 
of starch. This is a test for nitrous acid. 

2 KI + 2KNO2 + 2H2SO4 = 2K2SO4 + I2 + 2 NO + 2H2O. 

Nitrous acid readily oxidises sulphrous acid to sulphuric acid and 
hydrogen sulphide to sulphur and water. 

HaSOa + 2HNO2 = H2SO4 + 2 NO + HgO. 

HaS + 2HNO2 = S + 2 NO + 2H2O. 
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It also oxidises stannous chloride to stannic chloride, and ferrous 
alts to ferric salts : SnCl 2 + 2 HCl+ 2 HN 02 = SnCl 4 + 2 NO+ 2 HoO. 

2FCSO4+H2SO4+2HNO2 = Fe,(S04)3+2N0+2Ha0. 

(iii) Unlike nitric acid, it also acts as a reducing agents e.g., it 
reduces chlorine or bromine water and acid permanganate solution : 

HNOa+Br^+HaO =HN 03 -} 2 HBr, 
2KMn04+3H3S04+5HN02 = K2S04+2MnS04+5HN03-V3H20. 

Nitrous acid is oxidised by hydrogen peroxide : 

HNO 2 + HgOa - HNO 3 + H 3 O. 

Ammonium chloride, and also urea react with nitrous acid, yielding nitrogen — 
the reaction is used in removing nitrous acid from a solution : 

NH4CI 4 - HNOj, = N2 + 2H20 + HCl 
GO(NH2)a (urea) + 2HNO4 = 2 Na + 3 HaO + CO* 

Salts of nitrous acid, i.c., nitrites arc more stable and are easily 
prepared. Sodium nitrite and potassium nitrite may be made by 
heating the corresponding nitrate, either alone or with . lead. 

2 KN 03 = 2 KNO 2 + O 2 ; KNO 3 -1- Pb KNO 3 + PbO. 

Alkali nitrites arc made by passing into the alkali eqiiimolccular mixtures of XO 
and NO*, i.c., N*Oj — ^the latter being made by catalytic oxidation of ammonia. 

2KOH + NO 4- NO* = 2 KNO 2 + H*0. 

Tests for nitrite* — (i) A nitrite yields reddish brown fumfcs on acidification 
with dilute sulphuric acid. 

(ii) A nitrite in acid solution liberates iodine from potassium iodide — the iodine 
gives blue colour with starch. 

(iii) A nitrite gives a brown colour with a solution of mcta-phenylcne-diamine 
hydrochloride in hydrochloric acid. 

(iv) A nitrite gives an intense pink colour with a mixture of solution of 
sulphanilic acid and a-naphthylaminc in acetic acid. The last two tests are very 
delicate and are utilis<;d for colorimetric estimation of nitrites in water. 

Hyponitrous acid* H^NgO*. — Sodium hyponitrite, NaoNjO*, is obtained by 
reducing sodium nitrite solution with sodium amalgam. 

NaON == O + 4 H 4- O - NONa — NaON - NONa + 2H3O. 

The solution is filtered through asbesto% and concentrated over strong sulphuric 
acid in a vacuum desiccator, when crystals of sodium hyponitrite, NaaNjOg, 511*0, 
deposit. They are washed with alcohol and ether, and dired in a vacuum desiccator, 
when a white pow'der of anhyilrous NajNaO*, stable in air, is ot^ained. An aqueous 
solution of sodium hyponitrite gives zl yellow precipitate of silver hyponitrite with silver 
nitrate solution. * 

NagNgO* 4- AgNO, - Ag*N,0* 4- 2NaN03 

Hyponitrous acid is prepared by adding silver hyponitrite to an ether solution 
of hydrogen chloride in absence of moisture : 

AgaN*0, + 2HCI = 2AgCl 4- HjNsO.* 

The silver chloride is filtered off, and the filtrate on evaporation gives colourless 
crystals of hyponitrous acid, HjNaO*. 

Hyponitrous acid is also formed by the action of nitrous acid on hydroxylaminc. 
HO.NHa 4 - O - N.OH — > HO.N =- N.OH 4 - HaO 

The aquous solution decomposes with evolution of nitrous oxide. 

H,N,Oa « H*0 + NaO. 
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Nitric acid 

Formula HNO|. Density at 15**, 1.52. Boiling point 78.2^. Freezing point 
^1.3^ 

History and Occurrence. — ^Thia acid, called aqua fords, known to the 
alchemists—Geber (A. X). 788) obtained it by the distillation nitre, blue vitriol 
and alum. Its composition was determined by Lavoisier in 1776. 

It was first obtained by distilling saltpetre with green vitriol : 

4FcSO;+ 4KNO, + 3H,0 « 2Fc,0, + 4 KHSO 4 + NO + NO, + 2HNO,. 

Free nitric acid, produced by lightning flashes, occurs in traces in air. It is 
found in the form of nitre (potassium nitrate) in the soil of tropical countries like 
India, and as sodium nitrate (Chile salt petre) in Chile in South America. 

Laboratory preparation. — ^Nitric acid is volatile — a less volatile 
acid like sulphuric acid displaces it from a nitrate. Hydrochloric 
acid though stronger than sulphuric acid is not used in the preparation 
of nitric acid, since hydrochloric acid is volatile. 

In the laboratory nitric acid is prepared by distilling a mixture 
, of potassium or sodium nitrate with concentrated sulphuric acid, 
when the following reaction takes place, ^ forming potassium (or 
sodium) hydrogen Isulphate and evolving nitric acid vapours. 

KNO, + H,S04 = KHSO4 + HNO, ; 

NaNO, + H 4 SO 4 * NaHSP 4 + HNO,. 

Equal parts by weight of potassium nitrate and concentrated 
sulphuric acid are taken in a stoppered glass retort (fig. 18) the stem 
of which communicates with a water-cooled receiver. Nitric acid 
distils on moderate heating at about 200°C and collects in the receiver. 

With excess of nitre and at a higher temperature of about 800®C 
a further reaction occurs ; the potassium (or sodium) hydrogen 
sulphate being converted into normal sulphate : 

KNO3 + KHSO4 = K*S04 + HNOs. 

But the reaction is not carried to this stage, as 

(i) the glass retort would crack at the high temperature required ; 

(ii) the normal sulphate forms a solid mass in the retort which 
it is difficult to remove ; and 

(iii) mbst of the acid would decompose at the high temperature : 

^ 4HN03=2H20+4N0a+02. 

Properties. — (i) A colourless, fuming liquid with a choking 
smell, 1 ^ acid is soluble in water in all proportions. 

(ii) It is a strong monobasic acid — the acid is readily ionised in 
solution and is, therefore, a strong acid : HNO3 ^ H*** NO3'. 

It turns blue litmus red and reacts with alkalis, yielding salt and 
water : HNO, + NaOH == NaNO, + H 3 O. 

The acid contains water and oxides of nitrogen formed by the decomposition 
of the acid as impurities, and is brown in colour. It may be concentrated up to 
9B% bj t distillation with concentrated sulphuric acid ; oxides of nitrom are 
lajB^ed Iw bubhUng air through the acki till colourless. Pure nitric aad may 
colourless crystals by freezing the 98 per cent acid at— 42**(1 
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(iii) It is a highly corrosive liquid and produces painful blisters if 
it comes in contact with skin which it attacks, causing a' yellow stain, 
Other organic bodies like leather, silk, etc., are abo stained yellow by 
strong nitric acid. 

Ck>tton which is almost pure cellulose, is converted into nitro<$Uiilose by the action 
of concentrated HNOs in presence of concentrated H1SO4 — the nitrocellulose is 
employed under the name of gun-cotton in explosives. Glycerine under similar 
conditions, produces nitro-glycerini^ also called NobeVs oil which is absorbed in kieselguhr 
for making dymmite., ^ 

Oil of turpentine bursts into flame wth evolution of black clouds of carbon, when 
arided to concentrated nitric acid in a basin. 

(iv) It readily decomposes on heating, yielding water, brown 
vapours of nitrogen dioxide and oxygen : 4 HNC)b=2HjO 4-41^0,-1-02. 

(v) It is a powerful oxidising agent — Ready liberation of oxygen 
from nitric acid makes it a powerful oxidising agent, particularly whim 
hot and concentrated, (a) Hot concentrated acid oxidbes sulphur to 
sulphuric acid, iodine to iodic acid, and phosphorus to phosphoric acid. 
S+2HN0a=H,S04+2N0 ; 3l2+10HNO,=6HIO,-f 10NO4-2H,O. ^ 

4P4-10HNO,-|-HaO == 4H,P04-}-5N0+5N02. 

(b) Glowing charcoal bums brilliantly in strong acid ; warmed 
saw-dust bursts into flame in the acid : 

C 4- 4HNO2 =.= CO, 4- 4NO2 + 2H2O. 

Some saw-dust is heated on a sand bath in a basin until *it begins to char ; 
it inflames on pouring on it a few drops of fuming nitric acid very carefully from a test 
tube. Yellow-coloured fuming nitric achl containing dissolved oxMo of nitrogm, 
is a powerful oxidising agent, and is made by distilling concentrated nitric acid with 
a little starch, which reduces some nitric acid to the nitrogen oxides NO and NOf 

(c) Concentrated nitric acid oxidbes ferrous salts to ferric salts — 
the reaction fa quantitative.* Thus the acid converts ferrous sulphate 
in presence of sulphuric acid to ferric sulphate ; 

6FCSO4 4- 3H2SO4 4- 2HNO3 = 3Fc2(S04)2 + 2NO 4- 4H2O. 

(d) Hot dilute or cold concentrated acid liberates sulphur from 
hydrogen sulphide and iodine from potassium iqdide : 

3HaS -f 2HNO3 = 3S 4- 2NO 4- 4H2O. 

6KI + SHNOa = 31, + 6KNO3 4- 2NO 4- 40,^. 

Sulphur dioxide is oxidised to sulphuric acid by ^nitric acid : 

2HNO3 + SO, = H2SO4 4- 2NO2. 

(e) Hot concentrated nitric acid reacts with concentrated hydro- 
chloric acid, yielding chlorine, nitrosvl chloride and vrater : 

3HC1 4- HNO3 = Cl, + NOCl 4- 2H,0. 

A mixture of concentrated nitric acid (1 vol.) and hydro^oric 
acid (3 vob.) fa known as aqua regia : it dissolves gold and platinum. - 

Au + 4HC1 -f HNO, == HAuCl, + NO 4- 2H,0. 

(vi) Reactfdoa veUh snetsAs. — ^Nitric acid reacts with all metall 
except gold, platinum, tantalum, rhodiilm and iridium : in^ 
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chromium become ^passive^ in the concentrated acid : aluminium is 
scarcely attacked by cold nitric acid. Tin and antimony are converted 
into their oxides. The remaining metals yield nitrates. Since in 
its action upon metals^ nitric acid acts both as an acid and an oxidising 
agent, the attack on the metal is always (except in 'the case of. very 
dilute acid and magnesium or manganese) accompanied by reduction 
of the nitric acid to oxides of nitrogen, nitrogen, or ammonia, etc; — ■ 
the nature of the product depending upon (a) strength of the acid, 
(b) temp^ture, (c) nature of the metal, and (d) products of reaction in 
the solution. Hydrogen is evolved only by magnesium or manganese, 
acting upon very dilute (1 or 2 per cent) and cold nitric acid : 

Mg + 2 HNO 3 = Mg(N03)2 + Ha. 

TI% mechanism of reduction of nitric acid by metals may be explained by 
assuming that the initial attack of metals on nitric acid liberates nascent hydrogen 
which then reduces the excess of nitric acid. The theory explains the action of such 
met^ as iron and zinc which are more electro- positive than hydrogen. The action 
of zinc upon strong nitric acid, yielding nitrogen dioxide may l)c explained as follows : 

Zn 4 - 2HNO3 =- Zn(N03)a -f 2 H 
» 2HNO3 == H2O + 2 NO* + 0 

^ 2 H + 0 ^- HjO 

Zn 4- 4HNO3 -= Zn(N03)j 4 - 2H3O 4 - 2NO3 

But the metals such as copper, silver and marcury are less clcctro-positivo than 
hydrogen. It is, therefore, suggested that the initial step in the attack is the oxidation 
of the metal to its oxide which then dissolves in the acid. 

3 Cu 4- 2HNO3 -= H4O 4 - 2 NO 4 * 3 CuO. 

3 CuO 4 - 6HNO3 -= SHjO 4 - 3 Cu(NO,)e. 

3 Cu H- 8HNO3 - 3 Cu(x\03)2 4 - 2 NO -h 4H3O. 

Action of nitric acid upon few representative metals — different oxid^ of 
nitrogen or ammonium nitrate are formed, depending mainly on strength of acief : 

Copper : (i) Hot concentrated Cu 4- 4HNO5 = Cii(N03)2 4 - 2H20 -f 2NO2. 

(ii) Gold dilute (1 ; 1 ) 3 Cu 4 - 8HNO3 = 3Cu(NO,)3 4 - 4 H ,0 4 - 2 NO. 

(iii) Cold dilute 4 Cu 4 - IOHNO3 - 4Cu(N03)3 + SHaO’-l- N.O 

Zinc : (i) Hot concentrate Zn 4 * 4 HNO, = Zn(N03)a 4 - 2 H *0 4 - 2 NO,> 

(ii) Cold dilute 3 Zn -f 8HNO3 = 3Zn(N03)2 + 4 HfjO 4 - 2 NO 
(lii) Cold very dilute 4Zn-[Sl0HNOs==4Zn(NO3)34-3H3O4-NH4\O3. 

• . 4 Zn 4 - IOHNO3 = 4Zn(NO,)2 4 - 5H3O 4 - NaO. 

Zinc dissolves in dilute nitric acid to form ammonium nitrate — some nitrous 
oxide and nitric oxide are also evolved. 

• 

Iron : (i) Fairly concentrated 

or hot dilute Fe 4 - 4HNO3 = Fe(NO ,)8 + SH^O -b NO 
(ii) Cold dilute 4 Fe 4- lOHNO, - 4Fe(N03)2 + 3H2O 4 - NH4NO3 
(lii) Concentrated or fuming acid does not dissolve iron but renders 
it passive. 

Mercury : (i) Hoi concentrated Hg 4 - 4HNO3 = Hg(N03)2 4 - 2H204-2N02 
(ii) Cold dilute 6Hg 4* 8HNO3 = 3Hg2(NOa)j 4 - 4 H ,0 4 - 2 NO 

' Tin X ( 1 ) Cold dilute 4 Sn + IOHNO3 = 4Sn(NO,)2 4- 3 Ha O 4 - NH4NO4 
(11) Hot concentrated acid produces stannic nitrate, which is readily 
hydrolysed to a white precipitate of metastannic acid, HaSnaOji, 
4H2O, the latter decomposing by heat into tindioxide and water. 
5 Sn 4 - 20 HNO, « H,Sn30a.4Ht0 + 5 HtO 4* 2 QNOb. 
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savor t (i) Hot dilute Ag + 2HNOs => AgNO, H,0 + NO. 

Aetioa at HNO, oo metals « A review of the reduction products of nitric 
acid and the metallic nitrates formed : 


Strength of acid : 

Concentrated 

Moderately strong 
(1 acid : 1 water) 

Dilate 

Copper 

NOa 

NO 

NaO 

Zinc 

NOa 

NO 

NaO & NH 4 NO 3 

Mercury 

NOa & Hg(NO,)a 

NO & Hg, (NO*), 

— > 

Tin 

NOa & metastannic 
acid 


NH 4 NO 3 & SnCNOa)* 

Iron 

passive j 

NO & Fc(N03)a 

NH 4 NO 8 & Fe(N 03 )a 


Action of Nitric Acid upon Alloys. — ^Alloys contain two or more metals 
toijether, which are separately acted on by the acid. Brass (Cii and zinc) and silver 
coin (Ag and Cu) readily dissolve in the concentrated nitric acid. Bronze (Cu and 
Sn), when similarly treated, copper alone dissolves — tin is oxidised to metastannic 
acid which forms a white precipitate. Gold coin (Au + Cu or Ag) containing not 
more than one- third of gold is only attacked by the hot cone. HNOs — copper or silver 
dissolves, gold is left unacted upon. 

Teats for Nitric Acid and Nitrates. — (t) Reddish bjown fumes of nitrogen 
dioxide are evolved when nitric acid or a nitrate is warmed with concentrated 
sulphuric acid and copper turnings. Copper dis.solves in nitric acid, giving a 
bluish-green solution. 

(it) Rosc-red colour is produced, on adding a nitrate or nitric acid to a solution 
of brucine in concentrated sulphuric ^id. ^ 

(lit) The brown ring test for nitrate and nitric acid. An excess of freshly 
prepared solution of ferrous sulphate is added to a cold dilute solution of a nitrate 
in a test tube, and concentrated sulphuric acid is carefully poured into the liquid 
so as to form a heavy bottom layer ; a brown ring is formed at the junction of the 
two liquids. Nitrites interfere with ring test. 

The ferrous sulphate reduces the nitric acid to nitric oxide NO, which reacts 
with excess of ferrous sulphate, yielding the brown nitroso compound (Fc.NO)SOj, 
which appears as a brown ring at the junction of the liquids. The nitroso compound 
is unstable and decomposes on warming into nitiic oxide and the ferrous salt, and 
consequently while peiterming the ring test, the test tube is cooled under the tap 
during the addition of sulphuric acid. 

2HNOa + SHaSO, + 6FeS04 -= 3Fca(S04)3 + 2NO + 411*0 
FeSO, + NO (Fc.NO)SO, 

A nitrate (also a nitrite) is qmntitativelf converted to ammonia by heating with 
zinc and strong caustic soda solution. Aluminium may be used^ inslKrad of zinc, 
but Devarda’s alloy containing aluminium, copper and zinc is the best. The method 
is employed for the estimation of nitrites or nitrates, the ammorfla being <listilled into 
a measured excess of standard acid. The excess sulphuric acid is then back-titrated 
against standard alkali. 

NaNOa + 4Zn + 7NaOH -= NH* + 4Nas2!nOa + 2HaO. 

In presence of sulphuric acid mercury reduces nitric acid quantitatively to nitric 
oxide : 6Hg + SHaSOa + 2HNOa = 3HgaS04 + 4HaO + 2NO. 

The reaction is used to estimate nitric acid in I.ungc's nitrometer — a measured 
volume of the nitrate solution is shaken with concentrated HaS04 and mercury and 
the volume of NO formed is measured. 

Nitric Add contains Hydrogen, Oxygen and Nitrogen. — (i) As already 
stated (p. 179) when strong nitric acid is allowed to drop on red-hot pumice stone, it 
decomposes into oxygen, nitrogen dioxide and water vapours-*-the ^as mixture is 
led through i (a) a U-tube (kept in cold water) in which drops of liquid collect—^ 
the liquid i# teco^ised to be water by the blue cplour it gives with anhydrous copper 
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$i^phate» and hence the presence of hydrogen in nitric acid, and then (b) a second 
U-tube (cooled in freezing mnd^re^ in whioi nitrogen peroxide condenses and oxygen 
passes on ; a glowing chip bitfsts into flame in the gas that passes on, and hence it 
IS oxygen. 4HNOt » 2H,0 + 4NO, + O*. 

(ii) Moderately strong nitric acid dissolves copper, evolving nitric oxide. 

The nitric oxide is passed over copper heated to bright redness in a tube when 
copper oxide is formed and nitrogen passes on : 

3Cu + 8HNO, « 3Cu(NOa), + 4HgO + 2NO ; 2NO + 2Cu - 2CuO + N,. 

^ Nitric Arid. — Besides its uses in the laboratory nitric add finds 
applications : (i) m the production of explosives such as dynamite, gun cotton, 
nitro-glycmne, picric acid, trinitrotoluene (T.N.T.), and ammonium ritrate. Nitre 
is a constituent of gunpowder. 

(ii) in the manufacture of sulphuric acid, coal tar colours, nitrates and fertilisers. 

(iii) in etcMng desi^s on wares of brass and bronze, and staining silk, wool, 
etc., yellow ; in the ^picking* of metals before electro-plating ; in the sepwation 
of gold and silver. 

(iv) in the manufacture of cellulbid, collodion, cellophane, rayon, lacquers and 
other nitrocellulose products. 

NItzoayl Chloride, NOCl, the chloride of nitrous acid, may be prepared by 
r warming nitroso sulphuric add with sodium chloride : 

SO,(OH}.O.NO + NaCl « SO,(OH>ONa + NOQ. 

It is an orange-yellow gas with a suffocating odour, easily condenses to a red 
liquid in a freezing mixture. 

It is also formed by direct union of nitric oxide and chlorine : 

2N0 4- Cl| » 2NOC1. It Is present in aqua ngia : 

HNO, + 3HC1 « Noa -f ca, + 2H,0. 

That it is the chloride of nitrous acid is shown by its manner of decomposition 
by water ; NOCl + H.OH « NO.OH (nitrous add) + HCl. 

It is also decomposed by alkali in the normal manner : 

NOCl + 2KOH = KNO, + KCl + H,0. 

It is without any action on gold or platinum, but attacks mercury : 

2NOCI + 2Hg » HgjGlt -f- 2NO, and most other metals. 

Mannfactare of nitric acid. — (i) Distillation of sodium nitrate with 
con^trated sulphuric ^add- — Chile salt petre and concentrated sulphuric 
acid (in 3 : 2^ molecular proportions) are placed in a large cast-iron 
retort which connected by water-cooled earthenware or silica pipes 
to a series of stoneware bottle, and then with a tower, filled with 
stoneware balls, down which water is sprayed (fig. 98). The retort 
is set in a brick Svork furnace, and is carefully heated by coke fires to 
about 200-250°C. Tbc vapours of nitric acid which is evolved 
according to the equation, 

SNaNOa + 2 H 8 SO 4 « Na^SOa + NaHSOa + 3HNO, 
ate cooled by passing through the silica spirals cooled in water and are 
condensed in the stone-ware bottles as concentrated nitric acid. 
Any uncondensed vapour which is largely nitrogen peroxide (from 
the c^omposition of nitric acid), is absorbed by water in the tower 
yielding weak nitric acid : 

4NOt + Ot + 2H,0 « 4HNO.. 
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The residue in the retort which is a mixture of sodium sulphate and 
bisulphate is tapped 
out in the liquid state 
through an exit at 
the tettom of the 
retort. When solid, it 
is known as nitre- 
CflJse* The acid is of 
90 — 95 per cent 
strength. It may be 
concentrated to^ 98 
per cent by distilla- 
tion with strong Fig. 98 

sulphuric acid. 

Nitric add wtfwir does not corrode iron, which is attacked by the liquid acid. 
The method, — though easy to carry out and largely used in India, is based on impofted 
Chile salt petre. 

(ii) Hie catalytic oxidation of ammonia i Oatwald process. * 

— In this process ammonia is oxidised to nitric oxide by the oxygen 
of air in presence of heated platinum gauze catalyst — more than 90% 
of NHa is converted into NO : 

4NHa + 50a = 4NO + 6H^O + 305,000 calorics. 

An excess of air over that required theoretically to f&rm nitric oxide 
is necessary. The air is preheated to about 500®C in a heat exchanger 
(2), by the hot gases produced by the oxidation of ammonia, and then 




Fig. 99 


freed from dust particles by filtration through woollen cloth in the air 
filter <3). A mixture of pure and dry ammonia (usually the spthetk 
ammoma from t|ie Haber plant) and the preheated aiKClxt 

OTTARPA.RA' 
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proportion of 1 : 75 by volume is rapidly (time of contact with catalyst 
is about 1/1000 second ; otherwise ammonia is oxidised to nitrogen) 
passed through a layer of fine-mesh platinum gauze catalyst stretched 
across an aluminium box (1) (fig. 99) called a converter — the catalyst 
is initially brought to the leaction temperature of 750° — 900°C by 
electrical heating ; once started the exothermic reaction proceeds auto- 
matically. The hot products of the reaction in passing through the 
heat-interchanger heats the incoming air and so the process continues 
without external heating. 

The somewhat cooled products of the reaction which contain 
nitric oxide, some nitrogen, excess air and steam, after leaving the 
heat-interchanger (2), are cooled to about 50°C in an aluminium 
pipe (4) where the nitric oxide is oxidised to nitrogen dioxide by the 
oxygen of the accompanying excess air. 2NO +02 = 2 NO 2 . The 
nitrogen dioxide is then absorbed in water in several stainless steel 
towers (5) packed with broken quartz to form nitric acid. 

2NOa + HjO « HNO, + HNOa ; SHNO* = HNO 3 -f 2NO + HjO 

The nitric oxide liberated is reoxidised by the air present, forming 
NO 2 which re-enters the reaction. 2NO + O 2 = 2 NO 2 . A 50% 
solution of nitric acid is collected from the bottom of the tower.. 


When the gases become very dilute, oxidation of NO is very slow, and the exit 
gases from the last absorption tower contain NO and NOa mainly, which arc absorbed 
NaOH or NaaCO, solution, producing sodium nitrite : 

NO + NO, i:? NsOj. 

NaOa + NagCOa « 2NaNOa+COa 


Ostwaid method is the chief process of making nitric acid — yield is 90 per cent. 
Modern plants operate at a pressure of 7 to 8 atmospheres, yielding 60 per cent acid. 
Platinum-rhodium gauze or a mixture of FcjOg and BiaO, also acts as a catalyst for 
this process. 


The dilute acid may be concentrated by distillation until the liquid attains the 
composition of constant boiling point containing 68% HNO® (boiling point 12r') ; 
this is the ordinary commercial acid of density 1.414. It may be concentrated 
to 98% by distillation with concentrated sulphuric acid. 


(iii) From the air : Birkeland-Eyde process. — Nitric oxide 
is formed by electfic discharges ip air— the oxidation is in endothermic 
reaction : ^ ^ 

N 2 + O 2 ^ 2NO— 2 X 2 1,600 calories. 

The proportion' of NO at equilibrium, therefore, increases with rising 
temperature ; 

Temperature ‘’C 1538 1604 1760 2307 2402 292f7 

% NO by volume " 0.07 0.42 0.64 2.05 2.23 . 5 


The yield of NO is greater, the higher the temperature. Consequently, to secure 
the maximum yield, technically air is heated to a high temperature of 3000'’G in 
an electric arc flame, but if the gases be then cooled slowly, the percentage of NO 
gradually decreases corresponding to lower temperature. In order to avoid thb 
subsequent decomposition of NO, the p;ase8 are swept away from the flame and cooled 
quickly, i.e., the high temperature equilibrium mixture is suddenly 'chilled* or 'fixiiKdi’, 
to lOOOX, below which temperature the rate of decomposition of NO is very sl6w. 

Air is drawn through an electric arc set up between water-cooled 


electrodes — the arc is spread out by an electromagnet' into 'a 
dime the temperature of which is about SOOO^'C lOO). 
produix^ at the higher temperatiire.of 



Di*y tests Nitrate Nitrite 

ii) Action ofhcat Nitrates decompose, Nitrites except NaNO, 

NaNOj and KNO3 yield and KNO2, decompose, 
ing nitrite and Oj, and evolving radish brown 
heavy metal nitrates, fumes, 
e.g., Pb(N03)g, evolv- 
ing reddish brown 
fumes 

niV Dilute H2SO4 No action Reddish-brown fumes 

, Concentrated sulphuric Pungent acid fumes, Reddish-brown fumes 
acid coloured brown by 

NOa, on heating ; ' 

colour •deepens on ^ 

addition of copper- » • 

turnings 

WVi tests . • 

(iv) KT solution + dilute No action »BIue colour 

H2SO4 -H starch solution 

; /v) KMn04 solution* -I- dilute No action * Pink colour is disdiarged 

H3SO4 

• (vj) Metaphenylene-diamine No action Brown colour 

. , + HCl 

(vii) Sulphanilic acid + No action Pink colour 

a-naphthylamine + acetic 
acid 

" (Viii) Brucine + concentracted Rose-red colour No action 

- HjS04 

fix) Zinc dust + NaOH ; heat NHj evolved NHa evolved 

(x) Ring test : Brown ring only in Brown fins even in 

FeSOi solution + HtS04 1 presence of cone. Ha^4 presence £lute HtS04 
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The nitrate cannot be detected in presence of a nitrite by the ring test, as the 
latter ^so s^ves this test. The nitrite is, therefore, completely decomposed first 
^ boiling with NH 4 CI or a mixture of urea and dilute HiSO«, and then the nitrate 
is tested by the ring test. 


Exercises 


1 . How may nitrogen be obtained from (a) air, (b) ammonia, (e) nitric add ? 
Under what conditions does nitrogen combine with (t) hydrogen, (») oxygen, 
(m) magnesium and (tv) calcium carbide ? Describe the action of water on the 
products formed in eadi case. 

2. How would you prove that air and water contain a common constituent ? 
What are the evidences to indicate that in one case the common constituent is 
chemically combined while in the other it merely forms part of a mixture ? 

9. What are the chief constituents of air ? Describe l.avoisier*s experiment 
on the composition of air. How is the composition of air affected by plant and 
ani^life? 

How would you obtain a specimen of dry ammonia gas ? How and under 
conditions doess it react with * 1 ^} lead oxide, '^ii) chlorine, sodium^ 
J(iv) carlMn dioxide, (i>) ferric chloride solution, and (vt) copper oxide ? Purdah *51 

5 . ^<»ive an accoimt of one method of manufacturing ammonia from atmospheric 

nitrogen. How and under what condition does ammonia react with (t) copper 
sulphate, (it) silver chloride, (tit) mercurous •chloride, (iv) calcium sulphate and 
carbon dienude ? • fnUr. 

6 . How has the composition of Cimmonia been determined volumctrically and 

gravimetrically ? How may ammonia be converted into (a) nitrogen (b) nitric 
sicid. How is ammonia detected ? CaUuita *44 

7. How are the ammonium salts obtained ? Indicate their uses. Describe 
the action of heat upon the following substances :-^(a) ammonium cMoride, 

ammonium nitrite, (r) ammonium nitrate, {d) lead nitrate, and (s) nitric acid. 
How are the ammonium salts detected ? 

8 : Give the names and formulae of 5 oxides of nitrogen. Describe the 
preparation of a pure sample of nitrous oxide. How would you remove a trace of 
nitric oxide from nitrous oxide ? In what respects does nitrous oxide differ from 
oxygen ? How has its formula been arrived at ? 

9. How would you prepare nitric oxide in the laboratory ? How has the 
comporitioo of the g^ been determined ? What happens when the gas is slowly 
pass^ for some time into a jar of air confined over water ? ,How w^uld you 
qualitativeiy distinguish between oxygen, nitrous oxide and nitric oxide ? 

10. How is nitric acid prepared in the laboratory ? How may the nitrogen 
present in nitric a£id be converted into (i) ammonia, (it) nitrous oxide, (in) nitric 
Q»de, and (£s) free nitrogen ? How would you prove that nitric acid contains 
nitro^, hydrogen and oxygen ? 

11. How is nitric acid manufactured from atmospheric nitro^ ? How and 

under what conditions docs nitric acid react with (i) charcoal, (ti) ioduu, (Hi) brass, 
(iff) iron and (v) silver coin ? Moiras *49 

12. How would you prepare from sodium nitrate (i) concentrate nitric add, 
(H) nitrous add ? Compare their actions when treated with (a) ferrous sulphate, 
(^) potassium iodide, (e) hydrogen sulphide. 

19. Describe experiments by which wu can prove that both air and nitrous 
contain the same constituents. What is the evidence that in one case the 
conitituents are chemically oomUned, while in the other they merdy from a 
'^anicalmhtture? CaUuHa Inter. 

'.IV* Explain what happens ewhen t 

i gkwiog duurcoa) is dropped into con<centrated nitric acid ; 
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(ii) a mixture of air and ammonia is passed over heated platinum gauze ; 

(iii) strong sulphuric acid is poured carefully into ferrous sulphate dissolved 
in cold dilute nitric acid ; 

(iv) ammonia is passed over heated sodium, and the product that is formed, 
is then treated with water ; 

(v) nitrogen is passed over heated aluminium, and the resulting product is 
then wanned with dilute caustic soda ; 

(vi) a mixture of nitric oxide and hydr^en is passed over heated platinum ; 

(vii) carbon dioxide is led into a susi^nsion of calcium sulphate in ammonium 
hydroxide ; 

(viii) nitrogen is passed over heated calcium carbide, and the product fhat results 
is then treated with steam ; 

(ix) air is led into a tube containing red-hot copper followed by magnesium 
heated to redness in a furnace ; 

(x) ammonium hydrate is gradually added in excess to a solution of copper 
sulphate. 

15. State what you would observe and what gases are produced, when ammonium 
nitrate and lead nitrate are separately heated. 

Supposing 17 gm. of sodium nitrate are completely converted into nitric acid, 
what weight of the latter would be produced ? Ans. 12.6 

16. Explain what happens when : 

(i) a gas obtained by heating manganese dioxide with strong hydrochloric 
acid, is led into a flask containing ammonium^ hydroxide ; 

(ii) sodium nirrate solution is heated with zinc dust and caustic soda, and 
the evolved gas is led into sulphuric acid. 

(iii) a thin paste of bleaching powder is run into ammonium hydroxide in 
a flask ; 

(iv) a mixture of potassium 'nitrate, ferrous sulphate and dilute sulphupc 

acHl is heated in a flask ; * 

(v) nitre is fused with lead ; 

(vi) a copper coin is dropped into strong nitric acid in a (cst tube ; 

(vii) a mixture of nitrous and nitric oxides is led into a cold saturated solution 
of ferrous sulphate ; 

(viii) a gas obtained by heating ammonium nitrite is led into a tube containing 
red-hot magnesium ; 

(ix) hydrogen sulphide is passed into strong nitric acid ; 

(x) starch is added to a mixture of potassium nitrite and potassium iodide 
acidified with dilute sulphuric acid. 

17. Describe the preparation and collection of nitric oxide in the laboratory. 
How would you show that nitrogen and oxygen are contained in nitric oxide ? 

Expalin why a glowing chip is extinguished in nitric oxide, bu| burning magnesium 
continues to burn. ^ 

What volume of nitric oxide at N.T.P. can be produced by the actiqp of nitric 
acid on 12.7 gm. of copper ? (at. wt. of Cu = 63,5). Ans, 2.99 litres. 

18. You are given three cylinders containing nitrous oxidc^ nitric oxide and 

air respectively. Describe experiments by which you can distinguish between them. 
How can nitric oxMe be converted into nitric acid and the latter back again into nitric 
oxide ? Give equations. Describe what happens when nkric oxide is passed into 
a solution of ferrous sulphate. Cakuiia 1950 


17 



XXI 

THE HALOGENS 


The elemeats fluorine, chlorine, bromine and iodine are called halogens^ or 
*salt-forming* elements {hols means sea-salt), as the last three are contained in 
sea-water, and their sodium salts resemble the sea-salt, sodium chloride. 


Fluorine 


Formula F^. Atomic weight 19.00. Atomic number 9. Valency 1. Boiling 
point — 187®C. Freezing point — 233“C. Density at the b. pt. 1.108. 

Occarrence* — ^The most important minerals of fluorine are : fluorspar, CaF|, 
and ciyolite AlFj, 3NaF, the latter being found in Greenland only. Fluor-apatite, 
GaFs, 3Caj(P04)j, is another mineral containing fluorine. The enamel of teeth 
contains about 0.3 per cent of fluorine. 

laolatIcMi of Fluorine. — ^Hydrofluoric acid, obtained by heating fluorspar with 
strodg sulphuric acid by Scheele in 1771, was known as an agent for etching glass 
ever since. It was observed by Davy in 1813 that the hydrofluoric acid was analoguous 
to hydrochloric acid, ^nd was made up of hydrogen and an yet undiscovered elem^, 
similar to chlorine, which he named fluorine. But all attempts towards its Isolation 
by Davy, Fremy, Gore and others were uniformly fruitless. The clement was not 
actually isolated until 1886, since the method of obtaining chlorine was not available 
for its isolation. The difficulties were : 

(i) An aqueotu solution of hydrofluoric acid on electrolysis gave only ozonised 
oxygen and hydrogen — no fluorine was obtained, since the liberated fluorine attacked 
wa& : 2H,0 2F, - 4HF -h O, ; 3H*0 + 3F* - 6HF + O,. 

The anhydrous hydrofluoric acid, on the other hand, is a non-conductor of electric current. 


(ii) It was difficult to obtain 
an electrolytic vessel of suitable 
material, since fluorine was a 
highly reactive element and attacked 
such materials as carbon, platinum 
and glass from which the chemical 
apparatuses were generally 
n^e, 

(iii) Fluorine and hydrofluoric 
acid arc highly poisonous ; and 
lastly, 

(iv) Hydrofluoric acid is highly 
volatile, its boiling point being 
only 19.5®C ; consequently, low 
temperature was necessary for the 
electrolysis. Want of a suitable 
refrigerant was also partially 
responsible for the failure of the 
earlier attempts to isolate the 
fluorine. Moissan got over thcM 
difficulties, and was successful in 
isolating fluorine in 1886. 

Fig. 101 In 1869 Gore noticed that 

arduous hydrofluoric acid conducts 
electric current udien potassium fydrogen fluoride was dissolyra in it. By 'electrolysing 
^soh^nin a Vessel of platinum-iridium alloy (which is tesistant to corrosion by 
'With electrodes of the sEime metal» Moissan isolated fluorine in 1866«^. 
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The solution was cooled to — 23*^C, using a bath of boiling methyl which 

boil at —23% at which temperature the hydrofluoric add remained in the liquid 
state. 

The electrolysis was carried out in a U-tube (fig. 101 & 102} made 
of platinum-iridium alloy ; the electrodes of the same alloy, and 
thickened at the ends, were insulated from the U-tube by means of 
fiuorspar stoppers covered outside with shellac. The apparatus was 
provided with two side tubes for leading out the gases liberated at the 
electrodes. The electrolyte, i.e., the solution of pctassium hydrogen 
fluoride in anhydrous liquid hydrofluoric acidy was contained in the U-tube 
which was immersed in a bath of boiling methyl chloride, b.p. — ^23®C, 
constantly renewed, and a potential was applied. 



Fig. 102 

During electrolysis hydrogen was evolved at the cathode and 
fluorine at the anode. The fluorine was led through a spiral of 
platinum, also cooled in methyl chloride, to condense the accompany- 
ing vapours of hydrofluoric acid, and then through a tube of the same 
metal packed with fused sodium fluoride to remove* the last trace 
of hydrofluoric acid vapours, forming sodium hydrogen., ffaioride, 
NaF -f HF = NaHFg. The gas was then collected in a platinum 
jar bv the upward displacement of air. • 

The clectrolvtc is the potassium fluoride, the acid acting as an 
ionising solvent only : KHFa = KF + HF \ KF*^ K+ + F% 

At anode F'— e = F ; F + F = F,. 

At cathode. K+ + c = K j 2HF + 2K = 2KF + H,. 

The potassium reacts with hydrofluoric acid, liberating hydrogen 
and forming potassium fluoride which again undergoes electrolysis. 

The gas evolved at anode was absorbed in iron wire in a weighed 
platinum tube by Moissan who found that for every gram of hydrogen 
liberated at cathode the iron wire gained in weight by 19 gntt * the 
gas was thus concluded to be free fluorine. * ’ 
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INTERMEDIATE CHEMISTRY 


PftpiURtloki*— ^Fluorine attacks water and hence cannot be prepared by the 
electrolysis of ^ aqueous solution of hydrofluoric acid or a fluoride : 

2Fa + 2H,0 = 4HF + O*. 

(i) Fluorine is prepared nowadays by the electrolysis oijused potassium hydrogen 
fluoride, m.p, 230®C, in an electrically heated IJ-shaped copper vcmcI (fig. 103) 
fitted with graphite electrodes through bakelite stoppers — the copper is coated with 
a protecting film of copper fluoride initially formed. The fluorine evolved from the 
anode is led through two copper U-tubes packed with dry sodium fluoride to remove 
the hydrofluoric acid vapours. Hydrogen is evolved from the cathode. 

Since the isolation of fluorine eluded the chemists for over a century, it long 
remained a mere chemical curiosity ; but fluorine is now easily available and is handled 
almost as readily as chlorine. Sulphur hexafluoride is an effective insulator in high 
voltage apparatus. Uranium hexafluoride finds application in the separation of 
riranium isotopes. Freon^ CF 3 CI 2 , is a refrigerant. Fluroine also finds use in making 
insecticides. 



(ii) Fluorine is now 
made on a large scale by the 
electrolysis of a fused 
mixture of potassiun^ 
hydrogen fluoride wiA 1 % 
lithium fluoride in a 
jacketted steel tank with a 
carbon anode and a steely 
cathode— the products of 
electrolysis are prevented 
from mixing by means of 
a fine mesh metal screen 
under the electrolyte. The 
temperature of the bath is 


kept at about lOO'^C by circulating hot water through the outside jacket. 


Properties* — (i) Fluorine is a pale greenish yellowy poisonous gas^ 
of penetrating smell like that of hypochlorous acid, and having no 
marked action on dry glass below 100% may be kept in glass vessels. 

(ii) It is the most chemically active of all elements. It combine!^ 
directly "wiih nearly all mctalis— ioSsm, potassium^ etc, y catch fire in 
the gas, yielding their fluorides. It does not directly combine with oxygen 
or nitrogen, but othei non-metals such as sulphur, phosphorus, charcoal^ 
bromine and iodine, etc. burn spontaneously in the gas. 

•C + 2 Fa = CF4 ; 2 B + SF^ = 2BF3. 

(iii) Ithas a great affinity for hydrogen ; a jet of hydrogen inflames 
in a jar of fluosine, forming hydrogen fluoride. It combines explosively 
with hydrogen even at— 252®. Moist fluorine and hydrogen explode 
in the dark. It decomposes water liberating ozonised oxygen. 

2H2O + 2F2 = 4 HF + O2 ; SHjO + SFj = 6HF + O3. 


(iv) It displaces chlorine, bromine, or iodine, from the correspond- 
ing hydracid and its salt ; thus it liberates chlorine from potassium 
chloride : 2KC1 + F^ = 2KF + Clg. 

(v) It reacts with cold dilute alkali, forming fluorine monoxide and* no oxyacids,. 
but oxygen is evolved with concentrated alkali : 

2NaOH+2Fa = Fa0+2NaF+H,0 ; 4NaOH+2Fa = 2HaO+4NaF+0.. 

(vi) Fluorine is an intense oxidising agent ; thus it oxidises potassium chlorate, KGlOs,. 
to ^tarium perchlorate, KfSlO^. 
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Hydrofluoric acd» HF. — ^Preparation. — ^An aqueous solution of 
hydrofluoric acid is prepared by distilling a mixture of powdered 
fluorspar and strong (90 per cent) sulphuric acid in a lead retort — the 
mixture being carefully heated below 300° (m.p. of lead 327°) on a 
«and bath. The vapours of hydrofluoric acid evolved are absorbed 
in water contained in a lead receiver (fig. 104). The solution may 
be kept in bottles of wax or gutta-percha : 

CaFa + HaS04 = CaS04 + 2HF. . 

Anhydrous hydrofluoric acid is obtained by heating dry 
potassium hydrogen fluoride, KHFa, called Fremy’s salt. Dry 
potassium hydrogen fluoride 
is heated in a platinum or 
copper retort connected 
with a leceiver of the same 
metal, immersed in a 
freezing mixture of ice and 
common salt. The double 
fluoride decomposes by heat 
into potassium fluoride and 
hydrofluoric acid gas : 

KHFa = KF + HR 

The hydrofluoric acid Fig. 104 

gas condenses to a • , 

colourless liquid in the anhydrous state in the receiver. 

Traces of moisture that may yet remain are removed from hydrofluoric acid 
by electrolysis with platinum electrodes ; the acid Incomes non-conducting when 
all the water is removed. Anhydrous hydrofluoric acid is thus obtained : 

The Fremy's salt, KHFg, is prepared as follows ; An aqueous solution of 
hydrofluoric acid is divided into two equal parts — one part is neutralised gradually 
with potassium carbonate until evolution of carbon dioxide ceases, potassium fluoride 
being formed. The neutralised solution is then mixed with the other half of the 
acid, and the solution evaporated to dryness. It is then dried at 100*^0, and then 
exposed in a vacuum desiccator over concentrated sulphuric acid to remove the 
last trace of moisture. Freiny’s salt melts at 230^ and decomposes at higher 
temperature : 

2HF + KjCOs = 2KF + HaO + COo ; KF + HF •= KHFj. 

Properties. — (i) Hydrofluoric aciB is a highly poisonous^ colourless^ 
strongly fuming liquid of boiling point 19.5° only. HF and rts vapours 
are highly corrosive poisons ; they violently attack thoi skin, forming 
sores. • 

^ The sores arc immediately treated with magnesium hydroxide. Hydrofluoric 
acid causes permanent loss of voice on inhalation and finally adeath. Rubber gloves 
arc used in working with the add. 

(ii) It is completely miscible with water — the aqueous solution is 
conducting ; the anhydrous acid is a non-electrolyte. 

'fhe aqueous solution behaves as a weak acid^ and attacks all but noble metals, 
yielding metallic fluorides and hydrogen. Sodium and ix>tassium fluorides readily 
combine with hydrogen fluoride to form acid fluorides : 

Fe-h2HF = FeF 2 + H 2 ; HF -h NaF = NaHF,. 

(iii) The acid is associated at Iqw temperature — its vapour at 15° 
to 19° is a mixture of HF and HeF^. It is H 2 F 2 in concentrated 
solution. The vapour density at 100°C agrete with the formula HF. 
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Its compositicm was determined by Gore by heating, silver fluoride at 100° in 
hydrogen in a platinum vessel — ^twice the volume of hvdrogen fluoride gas was 
obtained. Hence the formula at 100° is HF : 

2AgF + H, = 2HF + 2Ag. 

(iv) It is highly corrosive and attacks glass and porcelain^ and hence 
kept in gutta-percha or glass vessels coated internally with paraffin. 

(v) Action on silica and etching of glass. — Hydrofluoric acid 
attacks ^gla^, forming silicon tetrafluoride and water. The use of 
HF in etching glass depends upon its action upon the silica in the 


4HF + SiOj = SiF4 + 2 H 2 O. 

A glass plate is coated with wax and the designs which are to be etched arc 
scr^hed on its surface with a pointed pin to remove wax. The design is then treated 
yath an aqueous solution of hydrofluoric acid by means of a brush when the pattern 
is readily produced on the glass. The plate is finally washed out with water to remove 
the excess acid, followed by turpentine to dissolve out the wax. 

(vi) Gaseous hydrogen fluoride is absorbed by dry sodium fluoride : 

HF + NaF = NaHF,. 

Tent*. — (i) The acid is readily detected by its etching of glass. 

(ii) Fluorides^ arc^ detected by heating them with strong sulphuric acid and sand 
when fumes of silicon tetrafluoride are evolved. Water drops held in the fumes 
by a glass rod becomes opaque due to depi^ition of insoluble silicic acid. 

+ 2HF ; 2HF + SiO, -- SiF* + 2H,0 ; 

3 S 1 F 4 + 4Hj|0 « 2 HsSiF 4 + Si(OH)^ (silicic acid). 

(iii) Soluble 'fluorides in aqueous solution give a white precipitate with barium 
chloride, which is soluble in strong hydrochloric acid. 

2NaF + BaCU « BaF, + 2NaGl. 

Uae*. — ^The hydrofluoric acid is used in etching designs on glass (marks and 
naduations on glass apparatus), in making artifleial cryolite, and removing silica 
from graphite and sand from iron castings. 

(ii) Sodium fluoride is used as an antiseptic in brewing and dyeing industry 
to pwent the growth of wild yeasts. 

(iii) Sodium and zinc fluorides are used in the preservation of wood. 

(iv) Sodium fluosilicate is an insecticide ; magnesium fluosilicate is a preservative 
of cement surfaces. Hydrofluoric acid finds use in the analysis of silicate minerals 
and is a catalyst in many organic reactions. 

nnoride*.— Flfiorides are analogues to chlorides, but unhke the latter, many 
of them combine with HF to form acid fluorides ; KF + HF = KHF.. Acid 
ammonivm-. fluoride is obtained by heating ammonium fluoride : 

^ 2 NH 4 F = NH, + (NH 4 )HF,. 

Silver fluoride is soluble in water (AgCl, AgBr, and Agl are msoluble), and calcium 
fluonde IS insomble in water (CaGl„ GaBr„ and Gal, arc soluble). Fluorine differs^ 
from other halogens in forming complex acids, e. g., hydrofluoboric acicL 

HBFi and hydrofluosilicic acid, H^SiF,. 

Chlorine 

K P‘ Atomic weight 

S5.457. Atomic number 17. Solubility, I vol. of water dissolves 4.6 volumes at > 
liquefaction liquefies at 6 atmospheres at 15°. 

HSatory amd Oeranmee. — ^The gas was discovered by Schcele in 1774 bv 
totmg hydrochloric atad (muria^ acid, as it was then called) with inan f ran.,f 

thought to be an oxide of the acid, and hence called oxymuriatic arid, but 
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Ghloritte does not tibdur' free in natuf^ but is found in lai^ quantities as 
salt ^ot rock salt, NaCl. Besides^, it occura in the Stassfurt deposits in Germany ^ 
^IvinSf KGl, and cartudlits, KCl, MgGl 2 ) 6 H 2 O. It also occurs as homsUvert AgCi. 

Laborsitory prepararion* — Chlorine is usually prepared in the 
laboratory by the oxidation of hydrochloric acid with (a) pyr^lusite 
(mineral form of manganese dioxide, MnOg), or (b) potassium 
permanganate^ KMn04. 

(a) Powdered manganese dioxide (pyrolusitc) is taken in a flask 
fitted with a thistle funnel and a delivery tube (fig. 105) a Strong 
hydrochloric acid is poured down the funnel in quantity ; chlorine is 
liberated as a greenish yellow gas on gently warming the flask. The 
gas is bubbled through water in a wash-bottle to dissolve out 



Fig. 105 

hydrochloric acid vapours and then through concentrated sulphuric 
acid to remove moisture. The pure and dry gas is then collected 
in dry gas jars by the upward displacement of air (it is times heavier 
than ahr)*. niay also be collected pvci saturated brine or hot water 
in which it is much less soluble, but not over water in which it dissolves 
rather readily, nor over mercury which it attacks : • 

MnOa + 4HC1 = Mntl* + -ir Cl*. ^ » 

The action of manganese dioxide upon hydrochloric acid take place in two ste]^ ; 
the dark brown solution formed in the cold contains manganic trichloride which 
decompose on warming with liberation of chlorine : • 

2MnO, + 8HC1 = 2MnGl, + GI, + 4HaO = 2 Mngi 2 + 201, + 4H*0. 

Instead of hydrochloric acid and manganese dioxide a mixture of 
common salty 50 per cent sulphuric acid and manganese dioxide may be 
heated to prepare chlorine, 

2NaCl + 2HaS04 = 2NaHS04 + 2HCL 
MnO, r|- HaS04 MnS04 + H^O + O. 

2HC1 + O = HgO + Cla 

MnOa + 2NaCl ^ 3HaS04 = MnS04 f 2NdHS04 + Cla>2Hp. 
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chlorine may be obta!^ by 


V^'^ncentrated hydilMmkic acid upon crystals of potassium permanganate laacn i« 
a conical flask. The jgas is washed and dired as in method (a). The resu:tion is : 

ZKMaOi + 16HCI « 2Ka + 2MnClj| + 8HaO + 5C1|. 

Chloilne is also obtained : (i) By the action of dilute acid on bleaching powder. 

^ Ca(CX3)Gl + 2HC1 ;= CaCls + HjO + Cl*. 

(ft) fty heating a mixture of potassium dichromate and concentrated hydrochloric 
acid, : ; K^r,0, + 14HC1 * 2KCI + 2CrCls + 3Glt + 7H,0. 

(fff) By heating jflatiiiic chloride ,or cupric chloride to 600° : 

PtCU- PtGl, + C1, «Pt + 2Clg; 2GuGla = GugClg + Gig 
(iv) By the electrolysis of metallic chlorides in aqueous solution or in the iwcd 
state. Paure ddorine is obtained by the electrolysis of fused silver -chloride in a 
glass I^ube fitted with carbon electrodes. 

^Properties. — ^i) Chlorine is a heavy (about times as heavy as 
air) greenish yellow^ highly poisonous gas with irritating smell and 
corrosive properties ; it is easily liquefied by cooling and compression. 

(ii) It is fairly soluble in water but is very much less soluble than 
hydrochloric acid, and hence may be separated from traces of the latter 
by\ washmg with water, 

(a) The aqueous solution of chlorine, yellowish in colour and 
smelling strongly of chlorine is known as chlorine water ; it contains 
a mixture of hydrochloric and hypochlorpus acid HOCl, the latter 
liberates nasceilt oxygen on keeping and particularly in bright sunlight. 
Hence the oxidising and bleaching properties of chlorine water : 

CI 3 + H 3 O = HCl + HOGl == 2HC1 + O. 

(b; In bright sunlight chlorine directly decomposes water, 
liberating oxygen the reaction is reversible : 

2H3O + 2Cla ^ 4 Ha + O3. 

(c) A saturated solution of chlorine, cooled to 0°, deposits white 
crystals of citrine hydrate^ 


(iii) It docs itot burn but supports combustion of many elements 
such as^ phosphorus, arsenic, antimony, bismuth, sodium and copper. 

(fl) Finely powdered arsenic or antimony, when sprinkled into a jar of. chlorine, 
spontaneously catches fire, yielding a shower of sparks.^ Pieces of white phosphorus 
or thin copp^ foils, on being similarly introduced, ignite spontaneously in the gas. 

{b) When chloHne is passed over sodium heated in a bulb tube, the metal burns 
with a bright yellow flame. 

2As + 3GI* « 2AsCl, 2Na + Gig == 2NaCl 

Cu + Gig = GuClg, ^ 2Sb + 5Clg == 2 SbGl 5 

' 2P + 5C1, -= 2 PGI 5 2P + 3Clg *= 2SGlg 

Ghlorine directly unites with most metals and many non-metals, yielding 
''OblorUes ; but it Is without actioit upon ^hoa, nitrogep and oxygen—their 
chlpri^ bc^g prepared indirectly. * . 

. \ (iy) It has great affinity for hydrogen. ' When expOsted to sunlight 

and chlorine explodes^ viol^tly to form 
chJ&ridc : -PCI 3 - 2HCI / 
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(a)' A burning hydrogen' eontinueai burning with .g 'greenisl fbune^ 

introducecji in a jar of chlorine, forming hydrogen ctdorme 
<hg. 106). In presence of activated diarcoal hydrogen and 
chlorine readily combine to yield hydrochloric acid — a process 
of commercial imporiance, 

{b) A lighted candle, on being inserted into a jar of chlorine, 
burns with a small dull-red flame with copious deposition of soot 
and forming hydrochloric acid. 

(c) A piece of paper soaked in turpentine which is a 
hydrocarbon of the formula CioHig, bursts into flame when plunged 
into chlorine, yielding a cloud of soot mixed with fumes of HCl : 

CioH„ + 8G1| * IOC + 16|ICL 

In the experiments (b) and (c) chlorine attacks the 
hydrocarbons (candle is made up of paraffin wax which is a 
mixture of hydrocarbons), uniting with the hydrogen to form Fig. 106 

hydrochloric acid and not with carbon which therefore, deposits as soot 

(v) Action of chlorine on alkalis. — (a) Chlorine reacts with a 
cold alkali e.g., NaOH, KOH or Ca(OH) 2 , solution, to ^ve the chloride 
and hypochlorite of the metal as long as the solution is alkaline. ^ 

CI 2 + H 2 O = HCl + HOCL 
HCl + HOCl -H 2NaOH = NaCl + NaOGl + 2 H 2 O. 



CI 2 + 2NaOH = NaCl + NaOCl + H 2 O. 

. But when all the alkali is Bcmoved, i.e., in presence of excess of chlorine^ 
the hypochlorite is readily converted into chlorate. • 

C4hlorine dissolves in alkaline solution of hydrogen peroxide, giving off os^gen. 

HsOj + 2NaOH + Cl, = 2NaCl + 2HsO + O,. 

(b) Hot solution , of ike alkali also yields chloride and chlorate of 
the metal through the intermediate formation of hypochlorite : 
3 CI 2 + 6NaOH = 3NaCl + 3NaOCl + 3HaO. 

SNaOGl = 2NaCl + NaClO,. 


302 + 6NaOH = 5NaCl + NaClO, -FjfHgO. 


(c) A solution of calcium hydroxide or milk of limje reacts 
similarly. • 

2Ca(OH),(cold) + 20, = CaCl, + Ca(OCl), +*2HaO. 
6Ca(OH),<hot) + 60, = 5CaO, + CaCOO,-), + 6H,0. 

Chlorine reacts with dry slaked lime forming bleaching poi^der : 

Ca(OH), + Cl, = Ca(OCl)Cl + HjO. 

Chlorine reacts with calcium oxide at a red heat, yielding calcium chloride and 
oxygen : 2Ga0 + 2C1, » CaClg O,. 

(vi) Oxidiaing action of idilorine. — It oxidises stannous salts to 
stannic salte, and ferrous salts to ferric salts : 

SnCa^ +Gl2 = Sna4; 2FcCl2 + Cl* = 2FcCV 
Chlorine , r^cts with^ ajnmonia, liberating . nitrogen, but hilf pgen 
trichloride is formed . if chlorine isr in excess. : V , 

. 30, 4- 8NH, + N, ; 3C2ii'+ « NO, , 
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, An pret en ce ^ chlorine can alto (ncidite by the ^ditim of oocygen to a 

jL impound. Thus it^^^iiverts sulphurous add to sulphuric acid ; 

l^SO, + HjO + Cl, = HjSO* + 2HCI. 

Chlorine displaces sulphur from hydrogen sulphide and iodine 
from hydrogen iodide : HgS+Clg = 2HC1+S ; 2HI +CI 2 — 2 HCI+I 2 
It can also displace bromine from a bromide and iodine from an 
iodide ; 2KI + CI 2 = 2KC1 + I 2 ; 2KBr + CI 2 = 2KC1 + Br*. 

— Chlorine water is added to potassium iodide solution and then shaken 
with a littl|! carbon disulphide — carbon disulphide dissolves the liberated iodine, 
forming a violet layer. The experiment is repeated with potassium bromide solution ; 
the lib^ated bromine colours the carbon Sulphide layer reddish brown. 

(vii) Bleadiing action of chlorine. — Chlorine bleaches vegetable 
colours in presence of moisture — dry chlorine does not bleach. Moist chlorine 
liberates nascent oxygen : H 2 O + Clg = 2HC1 + O. 

The nascent oxygen oxidises the vegetable colouring matter and 
the colour is bleached^ i.e., chlorine bleaches by oxidation, 

Eatptm — green leaf, a piece of red cloth, a piece of printed paper brushed with 
writing ink, — ^1 are placed, one in each, in a set of jars containing rnoist chlorine. 
<\11 the articles are found to be bleached except the prints. The printer’s ink contain' 
free carbon which is not acted on by chlorine. 

The experiment is related with dry chlorine but with a negative result. 

(viii) Chlorine forms additive compounds with many unsaturated 
substances^ e.g., CO + Clg = COCI 2 (carbonyl chloride) :50j ^ 

C,I^ + Cl, = C,H 4 a, (ctlvylcne dichloride). 

Taata. — (t) Chlorine is detected by its greenish yellow colour, irritating smell 
and bleaching properties. 

(it) Chlorine liberates iodine from potassium iodide, which turns starch blue. 

Uses. — (i) As a bleaching agent in paper and textile industries. 

(it) As a disinfectant in the sterilisation of water, and in dressing wounds — 
Carrel-Dakin solution used for the purpose is obtained by the action of chlorine 
upon washing soda. 

(m) As a poison gas, and for making poison gases, such as phosgene, mustard 
gas and chloropicrin; 

{to) For the manufacture of bleaching powder, hydrochloric acid, bromine, 
hypochlorite, and man^y chlorides such as AICI3, MgC^, SnCI^, and PClf 

•Mannfacture of chlorine. — Chlorine is obtained as a by-product 
in the mama^cturc of caustic soda and sodium, by the electrolysis of 
brine and fused common salt respectively. It is stored and 
transported as a liquid under pressure in steel sylinders. 

The manufacture of caustice soda by electrolysis is actually limited by the demand 
for chlorine, and hence chlorine is now never obtained commercially from hydrochloric 
acid by Weldon or Deacon processes, rather hydrochloric acid is now-a-days 
synthesised on a technical scale from chlorine and hydrogen. Hence the Weldon 
ajod Deacon processes are described in outline only. 

Wddon Process. — Pyrolusitc (mineral manganese dioxide containing about 
10% ferric oxide) is heated with concentrated hydrochloric acid in a stone still by 
rneans of live steam — the evolved chlorine passes out through an exit pipe. 

MnOa + 4HG1 = MnCl, + 2H,0 + Clj. 

The commercial success of the process depends upon the regeneration of manganese 
dkiddef The spmt liquor, containini^ manganous chloride, ferric chloride and 
usnleocni^fKised acid, is neutralise^ by limestone when the iron is also precipitated 
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as hydroxide, and &en allowed to stand in a settling tank. The clear liquor from 
the t^, containing manganous chloride, is syphoned on and then treated with 35 — 40% 
excess of lime m an iron cylinder, air being simultaneous]^ blown into the 

mixture which is heated to 60^ by steam. Manganous hydroxide is oxidised by air 
to manganese dioxide which reacts with lime, giving the so-called Weldon mud, 
calcium manganite, CaO, MnOg* Excess lime, prevents incomplete oxidation 
through the formation 6 £ manganous manganite, 2MnO, MnOa* The Weldon 
mud is decomposed by HGl in the still over again and so the process continues. 

MnCl. + Ca(OH), = Mn(OH), + CaQ. 

Mn(OH), + Ca(OH). + O = CaO, MnOj + 2H,0 , 

CaO, MnO, + 6HC1 = CaCl* + MnCl, + 3H,0 + Q, 

The conversion of hydrochloric acid to chlorine is 30% only. 

Deacon Procesa. — In this process hydrogen chloride is oxidised by air to chlorine 
and water in presence of cupric chloride catalyst at the optimum temperature of 
45(rC. 


4HC1 + 2a, -H 2H,0 


Dry HGl gas and air (1 : 4 by volumes) are preheated to about 200^C and then 
passed through a converter containing broken pieces of bricks soaked in cupric chloride 
solution — the catalyst is kept at 45()*’G. The gases after leaving the converter pass 
up a tower down which descends a stream of water which a^orbs HGl vapours, 
and chlorine passes out. The conversion is about 60%. Hence it largely superseaed 
the wasteful Weldon process. The chlorine obtained by the Deacon process u greatly 
diluted by nitrogen and contains about 10% chlorine only — the Weldon chlorine is 
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Bromine • 


Formula Br, ; b.p. 58.8 ; m.p. —7.3® ; atomic weight 79.916 ; atomic* number 
36 ; solubility 3.6 gm. in 100 gm. water at 20® ; density 3.19 at 0®. 

Bromine was discovered by Balard in 1826 by chlorinating the mother liquors 
(called Uttern) left after the crystallisation of salt from sea water — these liquors 
contained magnesium bromide : MgBr, + Gl, = MgCU + Br,. 

General method of Preparation of Halogens. — Chlorine, 
bromine or iodine may be obtained by heating the corresponding 
halide with manganese dioxide and concentrated sulphuric acid. 
The reaction is : 


MnOa + 2 NaX + 3H2SO4 = MnS04 + 2NaFJS04 + 2 H 80 + Xg, 
where X =• Cl, Br or I. Fluorine cannot be prepared by this method. 

Laboratory preparation of bromine.— A mixture*of potassium 
bromide (5 gm.), manganese dioxide (15 gm.)b and fairly strong 
sulphuric acid (100 c.c. of 50 % strength) is carefully heated in a 
stoppered glass retort, the end of which communicates with a 
water-cooled receiver (p. 48 ). Bromine diitils and condenses as a 
dark red liquid in the receiver. 

MnOj + 2 KBr + 3HaS04 = MnS04 + 2KHSO4 + 2H2O + Brj. 

Bromine may also be obtained by passing chlorine into a strong solution of 
potassium bromide : 2KBr + Gla — 2KG1 + Br,. 

Properties. — (i) Bromine is a highly poisonous, dark, red heavy 
liquid with irritating smell and corrosive properties — the ohlf hon-'metal 
whkk is liquid at ths ordinary temperature. 

The bromine vapour attacks the eyes and liquid corrodes the sUd. 
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(ii) It dissolves in water (only 3.6% at 20®), giving a reddish- 
coloured solution, called broiniae water which, though fairly stable 
in the dark, liberates nascent oxygen in bright sunlight. 

2Bra + 2H,0 = 4HBr + O*. 

Bomine ivater on cooling yields red crystalline bromine hydrate ^ 
Brg,8H,0. 

Bromine is readily soluble in such organic solvents as ether, 
alcohol, chloroform and carbon disulphide. 

(iii) Bromine vapours (red in colour) do not burn but support the spontaneous 
combustion of many substances such as arsenic, antimony, phosphorus and potassium, 
yielding bromides. 

Bomine directly unites with most metals and many non-metals yielding bromides, 
but it is without action upon carbon, oxygen and nitrogen. 

Bromine is less active than chlorine but closely resembles it in chemical 
properties. 

(iv) It reacts with hydrogen but less vigorously than chlorine. 
Bromine and hydrogen combine only when heated ; a burning jet of 
hydrogen burns in bromine vapour, yielding hydrogen bromide. 

. Hg + Br^ = 2HBr. 

(v) It resembles chlorine in its action upon caustic alkalis yielding 
bromide and hypobromite with a cold solution of an alkali, and 
bromide and bromate with the hot alkali. 

Bra H- 2NaOH (cold) = NaBr + NaOBr + HJO. 

• 3Bra + 6NaOH (hot) = 5NaBr + NaBrOa + 3HaO. 

Bromine dissolves in alkaline hydrogen peroxide solution, evolving ox/gen ; 
H,0* + 2NaOH -f Br^ = 2NaBr + 2HjO H- O*. 

(vi) Like chlorine, it is an oxidising agent. Thus it precipitates 
sulphur from hydrogen sulphide, liberates iodine from hydrogen 
iodide, and converts stilphurous acid to sulphuric acid. It can 
displace iodine from potassium iodide : 2KI + Brg — 2KBr + L. 

H.S + Bra 2HBr + S ; 2HI + Br, == 2HBr + l2* 

H2SO3 + Bra H HaO - H2S04“+ 2HBr. 

(vii) Bromine water has feeble bleaching properties ; thus it 
bleaches litmus, and turns starch paper yellow. 

(viii) Like chlorine, it gives addition products with unsaturated 
compounds : C2H4 + Brg — C2H4Br2 (ethylene dibromide). 

Tests. — Bromine is detected by its red colour and irritating smell : it dissolves 
in carbon disulphide, giving reddish-brown solution. Bromine turns starch yellow. 

Uses. — (i) In the manufacture of coal tar dyes and bromides (used in medicine 
and in photography) ; in the extraction of gold. 

(ii) In the preparation of ethylene dibromide (used in anti-knock petrol) and 
methyl bromide (for fire extinguishers) and in many organic syntheses. 

(iii) In making tear gases ; as a disinfectant and as an oxidising agent in the 
laboratory. 

Bromine is kept in stoppered bottles. It severely corrodes the skin, which should 
be washed with petroleum if it comes in contact with bromine. 

Maaufactare of Bromine. — ^Bromine is obtained on a technical scale from 
the following sources. — (i) Sea water. — Waters of the Atlantic Ocean contains about 
0.007% bromine, while the Dead Sfa water contains about 0.042% of the eSement, 
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mainly as bromides of alkali metals, (ii) Spnng waterSpr’mg water in Ohio contain 
about '3.4-31.9% magnesium bromide, (iii) Camallite of Stassfurt depouta in 
Germany, KLCljMgClajGHjO, contains about 1 per cent of magnesium bromide. 

Brosnitie from camallite. — Camallite is the most important 
source. The hot solution of camallite deposits crystals of potassium 
chloride on cooling — the mother liquor, commonly called bittern, 
containing about 0.25% bromine as magnesium bromide is the 
cx)mmercial source for bromine. This is treated with chlorine, when 
bromine is liberated : 

The hot mother liquor 
at 60° is allowed to 
descend down a tower 
packed with earthen ware 
balls (fig. 107) and 
connected with a chamber 
below. Streams of chlorine 
and steam are sent, via the 
chamber, up the tower. The 
bromine vapours leave the 
tower by an outlet at the 
top and condense in a 
spiral earthen cooling tube 
to a liquid which collects 
in a receiver. Any vapours 
of bromine which escape 
condensation is absorbed 
in a tower in moist iron 
filings which forms iron 
bromide. 

The spent liquor 
flowing into the chamber 
contains some dissolved bromine ; this is recovered by passing a 
current of steam which carries the bromine vapours away through 
the tower. 

The residua! liquid from the waters of the Dead Sea after the crystallisation of 
potassium and maj^esium chloride and ^hc bittern from some American salt mines 
in Ohio and Michigan after crystallisation of common salt are siixiitely treated for 
bromine. 

Bromine from Sea Water. — ^To meet the increasing demand of bromine, it is 
nowadays extracted from sea water on the Atlantic coast of Anferica. The bromine 
is liberated by the action of chlorine ; but owing to its great dilution, it is appreciaUy 
hydrolysed, yielding bromide and hypobromite : • 

Br, + H,0 % HBr H- HOBr. 

The hydrolysis is prevented by previous acidification with sulphuric acid — about 
0.25 lb. of concentrated acid being added to each ton of sea-water. The sea-water 
is acidified and chlorinated. The liberated bromine is removed from the water 
by a current of air, and is absorbed in active charcoal, from which it is recover^ 
by a current of steam. 

The bromine that is blown by a current of air, may also be absorbed in hot caustic 
soda solution, forming bromide and bromate. This is acidified when l^omine is 
set free : 

3Br, -f 6NaOH « NaBrO, -I- SNaBr + 5H,0. 

NaBrOs + 5NaBr + 3 HgS 04 = 3 Na|S 04 + 3Bra + SH.O. 


MgBrg -f Clj = MgClg + Drg. 

—tbt mt t ktrUfu 



Fig. 107 
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1800 gallons of sea-Mrater are treated to obtain 1 lb. of bromine. 

Pnrificatloii* — Commercial bromine usually contains water, chlorine and iodine 
as impurities. It is distilled over a mixture of potassium bromide and zinc oxide — 
the potassium bromide removes chlorine, and z‘nc oxide iodine. The water is removed 
by distillation over concentrated sulphuric acid. It may be dried with quick lime 
or anhydrous calcium bromide. 


Iodine 

Fomula I* Atomic weight 126.92. Atomic number 33. Solubility in water 
at 0® 0.016% only. Density, 9.94. Melting point 113.9®. Boiling point 184.4®. 

Laboratory preparation. — In the laboratory iodine is prepared 
by heating a mixture of potassium iodide, manganese dioxide, and 
50 per cent sulphuric acid in a stoppered glass retort (p. 48) which 
communicates with a water-cooled receiver. Iodine is liberated on 
heating the retort ; it sublimes as violet vapours and condenses in the 
receiver as black shining crystals : 

MnOg + 2KI + 3HaS04 = MnS04 + 2KHSO4 + I* + 2H,0. 

Iodine may also be obtained by passing chlorine into a strong solution of potassium 
iodide : 2KI + Cl* = 2KG1 + Ij. 

Soblimation of Iodine. — ^An intimately ground mixture of iodine (about 10 
gms.) and potassium iodide (about 5 gms.) is carefully heated in a basin on a sand 
bath — a larger shallow dish tilled with cold water, is placed on the top of the basin. 
Gn cautious heating the bottom of the water-cooled dish becomes covered with 
shining crystals of io(jiine. The basin may also bc*cover with a funnel (p. 51) when 
iodne deposits on the inside wall. 

Properties. — (i) Dark grey shining crystals ; the molecular 
formula of the vapour up to 700°C is I2 but thermal dissociation 
occurs above 700®G : I2 21. 

On dropping a few crystals of iodine in a heated flask, the latter is filled with 
violet vapours of iodine. 

(ii) Very slightly soluble in water (1 part in 500 parts), iodine 
readily dissolves in aqueous potassium iodide giving a brown solution, 
due to the formation of potassium tri-iodide : KI -j- I^ ^ KI*. 

It is also freely soluble in organic solvents such as alcohol, 
chloroform, benzenef, ether and carbon disulphide. 

In water, jgdjpr and alcohol, iodine forms brown solutions, in benzene and 
chloroform purple solutions, and in carbon disulphide a violet solution. 

Iodine resembles other halogens in chemical properties, but is 
much less active. • 

(iii) Iodine vapours do ^ot bum, but very much like chlorine, they support 
the combustion of white phosphorus, arsenic, antimony, etc., though less energetically ; 

2P + 31, « 2 PI 3 . 

Iodine directly combines with most metab, but of the non-metals, it directly 
unites only with hydrogen, phosphorus and the halogens, yielding the inter-halogen compounds 
with the latter, namely, IF,, IF7, IGl,, and IBr. 

On rubbing mercury and iodide together in a mortar, a green mercurous iodide 
Hg,I, is formed if the mercury b in excess, and a red mercuric iodide, HgL, if the 
iodine is in excess : Hg -f I, — Hgl,. 

(iv) It has affinity for hydrogen ; but the affinity is much less 
compared to other halogens e thw a mixture of hydrogen and iodine 
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combines when heated in presence of a platinum catalyst, forming 
hydrogen iodide — the reaction is reversible : H^+Is ^ 2 HI. 

(v) Acdon on alkalis. — It resembles chlorine in its reaction with 
alkalis — cold alkali giving iodide and hypoiodite $ hot alkali producing 
iodide and iodate. The hypoiodite rapidly passes into iodate and 
iodide on keeping. 

Ia+ 2 KOH =KI+K0I+H20 ; 3 Ia+ 6 KOH ==5KI+KI03+3H»0 

Iodine dissolves in alkaline solution of hydrogen peroxide, giving off^oxygen. 

H,0, + 2NaOH + I* = 2NaI + 2H,0 + O,. 

(vi) Iodine is a mild oxidising agent. Sulphur separates when 
hydrogen sulphide is passed into a suspension of iodine in water. It 
oxidises sulphurous acid to sulphuric acid, stannous chloride to stannic 
chloride, and arsenious acid to arsenic acid : 

la + HjS = 2HI + S ; U^SO^ + I* + HjO = HaS04 + 2HI. 

HaAsOa + Ig + HaO ^ H3ASO4 + 2 HL 

(vii) Since iodine is practically insoluble in water, it has no • 
bleaching properties. 

(viii) It gives a deep-blue colour with starch solndon — ^the 
colour disappears on heating and reappears on cooling. 

(ix) It has no action upon potassium chloride or bromide, but 

chlorine or bromine can liberate iodine from potassium iodide, hence 
it is less active than these elements. , 

2 KI + Cla = 2 KC 1 + I2 ; 2 KI + Bra = 2 KBr + Ig. 

Iodine can however liberate chlorine from potassium chlorate and 
chloric acid : 2KCIO3 + Ig = 2KIO3 + Clg. 

(x) Iodine reacts with sodium thiosulphate, NagS^Qa, solution, 
yielding sodium tetrathionate and sodium iodide — 2l reaction used in 
estimating iodine {iodoweiry^ as it is called). 

2Na2Sa08 + I2 = NaaS404 (sodium tetra tliionate) + 2 NaI. 

\/*^(xr) Unlike other halogens, iodine may be oxidised bv concentrated 
nitric acid to iodic acid. Slg + IOHNO3 = GHIO, + lONO + 2H3O. 

Tests.— (i) Iodine yields violet vapours on heating. Iodine gives a blue colour 
with starch solution — 1 part of iodine in 5,000,000 of water may detected. 

(ii) It dissolves in carbon disulphide, forming a violet solutioi). 

(iii) It produces yellow crystals of iodoform of characteristic smell, when warmed 

with ethyl alcohol and caustic soda. * 

Manufacture of Iodine. — Sources. — (i) De^ sesa weeds (laminaria) — ^Iodine 
does not occur free in nature ; sea-water contains traces of iodine — ^about 0.001 
per cent — ^mainly as iodide ; this is absorbed by certain sea weeds. The sea-wee^ 
are drift ashore during storms. The ash of burnt sea-weed, called Irelp, contains 
about 1 per cent combined iodine. 

(ii) Gallclis. — Crude Chile salt petre, called caliche, contains about 0.2 per 
cent sodium iodate and forms and important source of iodine. 

(iii) Petroleum brines. — Californian brines, containing about 30—70 parts of 
iodme as iodide per million parts of it, is now one of the principal sources of Mine 
and has reduced the price of iodine by more than ha^. 
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’(i) From kelp*— The ash from burnt s^-weeds, kelpy it is 
called, is lixiviated With hot . water ^ and the solption is concentrated, 
when the less soluble sodium and potassium sulphates, common salt 
potassium chloride crystallise out — the more soluble sodium and 
potassium iodides remain in the mother liquor. The mother liquor is 
mixed with manganese dioxide and fairly strong sulphuric acid and 
heated in cast iron pots. The liberated iodine sublimes and condenses 
in a series of earthenware receivers, called aludels. The iodine is 
purified By sublimation. 1 ton of kelp yields about 12 lb. of iodine. 

MnOa + 2 NaI + 3H2SO4 = 2NaHS04 + MnS04 + 2 HoO + lo 

The element was discovered by this method by Courtois in 1811. The process 
works in France, Japan and Great Britain. 

(ii) From caliche. — ^The mother liquor of calichey left after the 
crystallisation of sodium nitrate, contains about 3 gms. of sodium 
iodate per litre. This is treated with the calculated amount of sodium 
bisulphite solution when iodine deposits. The iodine is separated, 
pressed, dired and purified by, sublimation. Sodium bisulphite 
'reduces a portion of iodate to iodide ; the acidity of sodium bisulphate 
formed liberates hydriodic and iodic acids which react depositing 
iodine : 

SNalOa + ISNaHSOg = 5 NaI + 15NaHS04. 

NalOg + 5 NaI + 6NaHS04 = HIO3 + SHI + 6Na2S04. 

’ HIO3 + SHI = 3I2 + 3H2O. 


GNalOa + ISNaHSOj = Slg + SHgO + 9NaHS04 + 6Na2S04. 

(iii)^ From Petroleum Brines. — Iodine is recovered from oil field brines by 
the activated carbon process. The brine is treated with sodium nitrite and sulphuric 
acid, which liberates iodine. 

2NaNO, + 2NaI + 4 H 8 SO 4 = 4 NaHS 04 + 2NO + + 2H*0. 

The iodine concentration being very low, the solution is agitated with activated 
charcoal which adsorbs free iodine. The carbon is filtered off and then leached 
with hot alkali, when the iodine is converted into iodate and iodide. 

31, + 6NaOH == 5NaI + NalO, + 3HaO. 

This solution is then concentrated by evaporation, and acidified when iodine is 
set free — the latter sublimes and condenses in earthenware receivers. The process 
docs not work since 1934. • 


In a recent method the oil field brine (containing 60-65 parts of iodine per million 
parts of water) is aqidified with sulphuric acid and then injected with chlorine gas— 
the liberated iodine is blown out by an air current. From the iodine-laden air the 
iodine IS absorbed in a solution of hydriodic and sulphuric acids which is continuously 
fed With sulphur dioxide.^ The iodine is reduced to HI by the SO. : 

I, (air) + SO, + 2H,0 = 2HI + H,S 04 . 

The hydriodic acid— sulphuric acid liquor is then treated with chlorine when 
iodine is precipitated, and filtered : 2HI -f- Cl, = 2HC1 + I,. 

The iodine is melted in strong sulphuric acid (over 60%) to char organic matter 
and remove water, and then purified by sublimation. , 

By another methc^ iodine is precipitated from the oil well brines as silver iodide 
and then converted into ferrous iodide from which chlorine liberates iodine. The 
silver is recovered, converted to silver nitrate and used over again ; 


Nal + AgNO, « Agl + NaNO,. 

2AgI -f Fe = Fel, -h 2Ag ; Fel, + Cl, « FcGl, + I,. 
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Purification. — Crude iodine contains moisture and generally the impurities 
iodine chloride, ICI, iodine bromide, IBr and iodine cyanide, IGN, which cannot 
be removed by sublimation, because of their volatility. These impurities are removed 
by heating a well ground mixture of crude iodine, lime (which retains moisture) 
and potassium iodide (which removes chlorine, bromine and cyanogen) — pure iodine 
sublimes : ICl + KI = KGl + I,. 

Further purification is effected by dissolving the sublimed iodine in potasium 
iodide solution and then precipitating it by dilution with water — the precipitated 
iodine is finally dried in vacuo over cone. H2SO4. ^ 

Uses. — (i) In the manufacture of certain drugs, and dyes. Iodoform, CHIs, 
is used as an anti-septic for dressing wounds. 

(ii) As a disinfectant as tincture of iodine (solution of iodine in potassium 
iodide and rectified spirit — 1 oz. each of Kl, Ig and water in one pint of rectified 
spirit). 

(iii) In iodometry and organic syntlieses. The practical use of iodometry is 
in the estimation of oxidising agents such as hydrogen peroxide which liberates iodine 
from an acidified solution of potassium iodide — the iodine being titrated with sodium 
thiosulphate, using starch as an indicator. 

Iodine compounds also play an important part in the body — ^Thyroxin is an 
iodine compound secreted by the thyroid gland ; goitre, a disease of the gland, is« 
due to iodine deficiency. Use of table salt containing 0.023% KI is advocated to 
reduce the prevalence of goitre. 


HYDRACmS OF HALOGENS 
Hydrochloric add (Muriatic add) 

Formula HCl ; mol. wt, 36.465 ; b. p.-B5"G ; m. p.— 111.4 ; solubility per c.c. 
of water : 525 c.c. at 0°G and 458 c,c. at 15°G. 

History and occurrence. — ^The knowledge of the solution of hydrogen cUoride 
is attributed to the alchemist Geber of the 8th ccntiuy. The gas hydrogen ^loride 
was discovered by Priestley in 1727 but its true nature was established by Davy m 
1810. The gas is occasionally found in volcanic gases ; the gastric juice contains 
aqueous solution of the acid (0.2 — 0.4 per cCnt). ^ 

.Laboratory preparation.— Hydrochloric acid is prepared by 
geimy heating common salt with concentrated sulphuric acid — the 
reaction is : • 

fi) NaCl + HjSO. - NaHSO, + HCl (150:-200<’C.) 

(ii) NaCl + NaHSO* = NagSOi + HCl (over SOO^C.) . 

The reaction (i) occurs on gentle warming, but the reaction 
(ii) does not take place until the temperature is raised to above 500 C- 
" rinmtnnn salt is taken in a flask fitted with a thistle funnel and 
a delivery tube. Fairly concentrated sulphuric acid is poured down 
the funnel when a quick evolution of hydrogen chloride gas occurs. 
When this slackens, the flask is gently heated. The gas is dried by 
bubbling through concentrated sulphuric acid and collected by the 
upward displaccmtmt of air or over merCirfy. , ■ 

'18 
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fife 

Fig. 108 


If a solution of hydrogen chloride is required, the end jo 
the delivery tube is connected with the stem of a fhnnel whidi 
dips just below the surface of water in a beaker — the gas dissolves 
in water, yielding an aqueous solution, (fig. 108). 

Pure hydrogen chloride is obtained by the action of water 
upon silicon tetrachloride : SiCIi + 4HaO = Si(OH )4 + 4HGI. 

A convenient supply of gas is readily obtained by dropping 
concentrated hydrochloric acid upon concentrated sulphuric acid 
taken in a flask. 

Properties. — (i) A colourless gas with a choking 
smfen and strongly fuming in moist air, hydrogen 
chloride is 1.27 times heavier than air ; it neither burns 
nor supports burning. 

(ii) It is highly soluble in water. The solubility 
of the gas may be shown hy fountain experiment, 

A solution of the gas in water is known as hydrochloric acid. 
The saturated solution has a density of 1.231 at 15^C and contains 
43 per cent hydrogen chloride. 


Any solution of hydrochloric acid, on distillation, yields an ultimate residue of 
20.24% hydrogen chlorijje, boiling at 110°G ; this is a constant boiling mixture, 

(iii) In aqueous solution hydrogen chloride acts like a strong 
monobasic acid ; the solution readily dissolves base metals, liberating 
hydrogen and forming chlorides containing the metal in the lowest (ous) 
state of valency ; , * 

Sn + 2HC1 - SnCla + ; Fe + 2HC1 = FeCla + Hg. 


The metals also react with hydrochloric acid gas, yielding anhydrous 
chloride — ^burning sodium continue burning in .gaseous hydrochloric 
acid. Noble metals such as gold, platinum, etc., are not attacked by 
the acid. Copper slowly dissolves in hot and concentrated acid, and 
silver is slowly attacked in presence of air only, 

2Cu +8HC1 = Hg + 2 H 3 CUCI 4 ; 4Ag +4HC1 +0^ = 4AgCl +2HaO. 

Liquid Jiydrogen chloride does not conduct electricity and is without action upon 
metals in absence of water — aluniinium, however, dissolves in it. 


(iv) It reacts with metallic oxides and hydroxides, yielding salt and 

water : itwiiibincs with ammonia, in presence of trace of moisture, 
forming dense fumes of ammonium chloride ; it decomposes 

carbonates, liberating carbon dioxide : 

CuO+2HGl = CuCla+HgO ; NaOH+HCl = NaCl+HaO. 

NH3+HCI = NH4CI ; CaG03+2HCl = CaCla+HaO+COa. 

(v) It is readily oxidised to chlorine by manganese dioxide or 
potassium permanganate. MnOg H- 4HC1 = MnClg + 2HaO + GI 2 . 

Tests. — (i) Heated with manganese dioxide and concentrated sulphuric acid, 
hydrogen chloride or any metallic chloride, yields the greenish yellow gas chlorine. 

(ii) In aqueous solution hydrogen chloride or any soluble metallic chloride gives 
curdy white precipitate of silver chloride with silver nitrate solution — the precipitate 
soluble in ammonia but insoluble in nitric acid. 

HC! + AgNO» * HNp, + AgGl ; AgCl + 2NH, - [Ag(NH,),]CL 
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Uses. — ^Hydrochloric acid stands second only to sulphuric acid in its uses in 
industry. It is used ; (i) in making metallic chlorides, (ii) in dyeing and calico- 
printing and in medicine, (iii) in pickling baths to remove oxide scale from sheet 
iron which is to be tinned, galvanised or made into enamel ware, (iv) in making 
glue from cartilage, and glu^e from starch. Hydrochloric acid is a reagent in 
the laboratory. It is used in aqua regia to dissolve gold and platinum. G.P. 
(chemically pure) concentrated acid contains 37.58 to 38.95 per cent HGl and has 
a density of 1.190 to 1.196. 

Manufactarq^si Hydrochloric Acid. — (ii) From common salt. — Hydro- 
chloric acid was formerly obtained by the action of sulphuiic acid upon CSmmon 
salt, as a by-product in the manufacture of sodium carbonate by the Le blanc process 
which is now obsolete ; but it is still obtained by this method, owing to the demand 
for sodium sulphate. 

On a technical scale hydrochloric acid is manufactured by heating 
common salt and concentrated sulphuric acid in a cast iron pot A ; 
the evolved hydrogen chloride is absorbed in water in a set of 
absorbers (I, II and III) made of clay with acid proof glaze (fig. 109). 


e 



The commercial acid has a density of 1.14 and contains about 28% acid. The 
usual impurities in the^ commercial acid are arsenious oxide, ferric chloride and 
sulphuric acid — arsenic can be avoided by using sulphuric acid free from arsenic. 
The acid is purified by distilling over a mixture of barium chloride (to convert 
sulphuric acid into barium sulphate) and copper fillings (to reejpee ferric chloride 
to non-vo^'tile ferrous chloride). ^ 

(i4«^nthetic method. — Hydrochloric acid 
is nowadays manufactured by the combustion 
of hydrogen and chlorine which are obtained 
as by-products in the manufacture of caustic 
soda by the electrolytic process, A mixture of 
nearly equal volumes of hydrogen and chlorine 
— a slight excess of hydrogen being used for 
the complete conversion of chlorine into hydrogen 
chloride, is fed into a burner, similar to oxyhydro- 
gen blowpipe, set in a silicabrick combustion 
chaml^er, (fig. 110). The resulting hydrogen 
chloride is cooled and then absorbed in water in 
in an absorption tower until the solution is 
saturated — the acid obtained is very pure. 

Ghlorine may also be made to combine with 



-<— ei£ 

Fig. 110 


hydrogen in presence of activated charcoal to form hydrogen chloride ; 

** H, + GU = 2HC1. I 
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Composition of hydrogen chloride. — ^The composition of 
hydrogen chloride may be determined either by analysis or by synthesis. 

(i) By analysis. — (a) When a concentrated aqueous solution of 
hydrochloric acid is electrolysed, chlorine is liberated at the anode 
and hydrogen at the cathode. 

A dilute solution of the acid, it must be remembered, yields hydrogen and oxygen, 
on electrolysis. 


Ihe electrolysis is carried out in a three-limbed voltameter — 
the central tube carrying a funnel acts as the 
reservoir of the acid and the two graduated side- 
tubes, fitted with gascarhon electrodes (chlorine 
attacks platinum) at the bottom, are the collecting 
vessels (fig. 111). The apparatus is filled with the 
acid through the funnel and the electrolysis carried 
out by connecting the carbon electrodes with the 
poles of a battery. Hydrogen collects at the 
cathode but the chlorine liberating at the anode, 
dissolves in water, until the solution is saturated with 
chlorine — ^very little chlorine collects at the anode 
before saturation. The hydrogen, collected at 
the cathode, is* allowed to pass out and the 
apparatus is then filled with the solution thus 
saturated with chlorine and the process of 
electrolysis continued. It is found that hydrogen 
and chlorine collect in equal volumes in the two 
limbs. Hence hydrochloric acid contains equal volumes 
of hydrogen and chlorine. 

(b) Hydrogen chloride may be shown to contain half its 
volume of liydrogcn by its reaction with sodium amalgam. A 
measured vol^ne of liydrogen chloride is collected in a graduated 
tube over mercury (fig. 112) and a pellet of sodium amalgam 
introduced into it^ The reaction over, mercury stands at half 
its original volume — the residual ga^in the tube is found to be 
hydrogei^^ Hence hydrogen chloride contains half its volume 
of hydrogen. 



Sodium-^algam + 2HC1 = sodium chloride + H*. 

But the hydrogen, chloride gas contains equal volumes of 
hydrogen and chlorine. Hence 2 volumes of hydrogen chloride 
= 1 volume of hydrogen 1 volume of chlorine. 

(ii) By Synthesis. — A glass tube (fig. 113) provided with 
stop-cocks at the two ends is made into two equal halves by a 
three way stop-cock. The two halves arc filled with hydrogen 
and chlorine, one gas in each half. The gases are mixed by Fig 112 

opening the central tap and the mixture exposed to diffused 
sun-light for about two da>'s. On opening one of the end stop-cocks under mercury, 
no ch^ge of volume takes place ; but when opened under water, it rushes up and completely 
filb ^e tube, showing that there is no uncombined hydrogen. The aqueous solution 
liberate iodme front potassium iodide and hence contains no free chlorine ; 
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the solution is found to be acidic and yields a white precipitate with silver nitrate 
and hence it is hydrochloric 
acid. This shows that the 
whole of hydrogen and chlorine 
have combined and the gas 
obtained after the reaction ^^3 

consists of hydrogen chloride only. Hence : 

2 vols. hydrogen chloride — 1 vol. hydrogen + 1 vol. chlorine. • 

Or, 2 mols. hydrogen chloride = 1 mol. hydrogen + 1 mol. chJorinc. 

(By Avogadro’s hypothesis). 

Or, 1 mol. hydrogen chloride — 4 mol. or 1 atom of Hg + 4 mol. 

or 1 atom of Cl^. 

Hence, the formula of hydrogen chloride is HCl. 'rhis agrees with the molecular 
weight 36.5, arrived at cxnerimentally from its vapour density. 



Hydrobromic and hydriodic acids 

Hydrofluoric and hydrochloric acids can be prepared by the action 
of concentrated sulphuric acid upon a corresponding halide. But 
hydrobromic 9.nd hydriodic acids cannot be similarly prepared by 
heating a bromide or an iodide with concentrated sulphuric acid, 
since these acids (unlike HF and JICl) are oxidised by sulphuric acid, 
so that bromine or iodine and sulphur dioxide are only^obtained. 

2KBr + 2H2SO4 = 2KHSO4 + 2HBr 

2HBr + H2SO4 = Bra + 2H2O + SO2 

2KBr + 3H2SO4 = 2KHSO4 + Brg + 2H2O + SO2 

2 KI + 3H2SO4 == 2KHSO4 + I2 + 2H2O + SO2. 

Hydrobromic Add. — Hydrogen and bromine vapour do not 
readily react even in bright sun-light, but combination begins at 
200°G in presence of platinum as a catalyst to yield hydrogen bromide : 

Ha + Bra ^ 2HBr. 

Dry hydrogen is bubbled through bromine fn a wash-bottle heated to 40 to 50°C 
by a bath of hot water, and the mixture of hydrogen and bromine vapor»’Js passed 
through a hard glass tube containing platinised asbestos heated to 200''C, where 
the synthesis of hydrogen bromide occurs. The hydrogen bromide passes through 
a tower packed with moist red phosphorus to remove any free bromine vapour, and 
then dried by fused calcium bromide, and cooled in liquid air when hydrogen bromide 
solidities and excess of hydrogen passes on. • 

Laboratory preparation — Hydrogen bromide is prepared in the 
laboratory by the action of bromine upon a mixture of red phosphorus 
and water. Phosphorus tri- and penta-bromides first formed arc 
decomposed (hydrolysed) by water, yielding hydrogen bromide and 
phosphorus and phosphoric acids : 

2P + 3Bra = 2PBrs ; 2P + = 2PBr5. 

PBrj + 3HaO = HsPOa (phosphorous acid) + 3HBr. 

PBrs + 4 HaO = H8PO4 (phosphoric acid) + 5 HBr. 
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Red phosphorus and water are taken in a flask (fig. 1 14) fitted with 
a tap-funnel and a delivery tube. On cautiously adding bromine from 

the funnel, vigorous reaction takes 
place with evolution of hydrogen 
bromide. Towards the end of 
the reaction the flask is gently 
heated. The gas is freed from (i) 
accompanying bromine vapours by 
passing through a U-tube containing 
the moist glass pieces and red pkosphortis^ 
and (ii) moisture by passing 
through a second U-tube contain- 
ing calcium chloride, and then 
collected by the upward displace- 
ment of air. The gas may be dried 
by calcium chloride or bromide 
and collected over mercury. 

Fig. 114 

An aqueous of hydrobromic acid may be obtained by connecting the delivery 

tube with the stem of a funnel which dips just below the surface of water in a beaker 
— ^hydrobromic acid is absorbed by water, giving an aqueous solution. 

An aqueous solution may also be obtained by passing sulphuretted hydrogen 
or sulphur dioxide through bromine water. , Sulphur is filtered off. 

HaS +*Bra - 2HBr + S ; SO, + 2HjO 4- Br* -= 2HBr + H.,S 04 . 

Properties. — HBr resembles HCl in most of its properties. 

(i) A colourless heavier-than-air gas with irritating smell, hydrogen 
bromide is very soluble in water — solubility, 600 volumes at 0°, giving 
a solution of 68% HBr. It forms a constant boiling mixture of 47.6 
per cent hydrogen bromide, boiling at 126°. 

(ii) The aqueous solution is strongly acid and dissolves metals 
and bases in the same way as hydrochloric acid. 

(iii) Less stable than hydrochloric acid, it is more readily-oxidised 
— the aqueous solution is decomposed by air in presence of sunlight : 

4HBr + Oa = 2 H 2 O + 2Br2. 

Like HCl, it is easily decomposed by oxidising agents, such as 
manganese dioxide and potassium permanganate, but unlike HCl, it 
is also attacked by other oxidising agents, such as chlorine and 
concentrated sulphuric acid. 

2HBr+Cla = 2HC1+Br2 ; H 2 S 04 + 2 HBr = Br^ + 2H20-fS02. 

Tests. — (i) Hydrogen bromide or any metallic bromide, when heated with 
concentrated sulphuric acid yields red vapours of bromine. 

(ii) Chlorine water liberates bromine from an aqueous solution of hydrogen 
bromide or any metallic bromide — the liberated bromine dissolves in carbon 
disulphide, imparting a reddish brown colour to the solution. 

(iii) An aqueous solution of hydrogen bromide or any soluble metallic bromide 
^ves a palc^ yellow precipitate of silver bromide with silver nitrate — the precipitate 
as insoluble in nitric acid but difficultly soluble in ammonia. 

+ AgNO, = AgBr + HNO, 
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Potassiam Bromlde.--(a) Hot caustic potash solution reacts with bromine, 
yielding a mixture of bromide and bromate. The solution is evaporated, and the 
residue ignited with powdered charcoal when the bromate is reduced to bromide. 
The mass is extracted with water — the solution on concentration deposits colourless 
crystals of potassium bromide. 2KBr08 4*30 = 2KBr + SCO]. 

(b) Iron bromide, formed by the action of bromine vapour upon moist iron 
filings (during the manufacture of bromine) is decomposed by potassium carbonate, 
when iron precipitates as hydroxide and is filtered off— the filtrate is crystallised for 
potassium bromide. 

Fe,Br 8 + 4K8COa + 4HjO = Fcj(OH )8 + 8 KBr + 400,. 

• 

Potassium bromide is used in medicine (to induce sleep and to remove nervousness), 
and in photography. Ammonium bromide is formed by the action of bromine 
on cooled solution of ammonia : 8 NHs + 3Bra = GNHaBr + N^. 


Hydriodic acid 

Preparation. — (i) Hydrogen iodide may be synthesised by passing a mixture 
of hydrogen and iodine vapour over a heated platinum catalyst — the hydrogen iodide 
is easily dissociated by heat. H 2 + I 2 ^ 2HI. 

(ii) In the laboratory hydrogen iodide is prepared by a mcthcKl 
similar to that for hydrogen bromide. Water is to be cautiously 
added from the tap-funnel into a mixture of red phosphorus and iodine 
taken in the flask — iodine being a solid cannot he added like bromine from 
the funnel. Phosphorus tri-iodide first formed is hydrolysed by water- 
yielding hydrogen iodide and phosphorous acid. 

The hydrogen iodide is collected by the upward displacement of 
air. The gas attacks mercury and hence cannot be collected over the 
same : PI3 + SHgO = SHI + H3PO3. 

(iii) Hydrogen iodide may also be prepared by heating potassium iodide with 
phosphoric acid. 3KI 4 - H 3 PO 4 = K,P 04 + 3HI. Sulphuric acid cannot be 
used, since 't oxidises hydrogen iodide to iodine. 

2HI 4- HaS04 = 2HaO 4- 4- SOj. 

(iv) An aqueous solution of hydrodic acid is obtained by the the absorption of 
the gas in water in the usual way, as in the case of hydrobromic acid. 

It may also be obtained by passing hydrogen sulphide into a suspension of iodine 
in water — the precipitated sulphur is filtered off : H 2 S* 4 - I 2 = 2HI 4- S. 

Properties. — HI resembles HBr in most of its properties. 

(i) A colourless, heavier-than air gas with irritating odour and 
fuming strongly in air, hydrogen iodide is highly^ soluble in water, 
giving a solution containing 90 per cent of HI at 0®. Its constant 
boiling mixture contains 57 per cent HI, boiling at 126®. The aqueous 
solution is strongly acid. 

(ii) It is readily decomposed into its elements on heating or on 
exposure to sun light ; violet vapours of iodine are evolved on 
introducing a heated glass rod into a jar of hydriodic acid. 

2HI ^ Hj + la. 

(iii) It is a strong reducing agent ; it is readily attacked by oxidising 
agents, such as air, nitric acid, hydrogen peroxide, chlorine, sulphuric 
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acid, etc, which also attack hydrobromic acid ; thus a colourless 
solution of hydriodic acid turns brown on exposure to air : 

4HI+O2 = 2H2O+2I2 ; 2HI+H2O2 = 2 H 20 +Ia. 

2HNO3+2HI 2H2O+I2+2NO2 ; 2 HI+Cla = 2HCI+I2. 

Since hydrogen iodide is less stable than hydrogen bromide, the 
former is attacked by oxidisng agents such as ferric salts, cupric salts, 
nitrous acid, etc. which do not affect the latter : 

^ 2 FeCl 3 + 2 HI ^ 2 FeCl 2 + 2 HC 1 + I2 ; 

2CUSO4 + 4 HI == 2H2SO4 + CU2I2 12. 

2HNO2 H- 2 HI == 2H2O 4 2 NO + lo. 

Hydriodic acid is a useful reducing agent, particularly in organic 
chemistry. 

Tests. — (?) Hydroiodic acid or any metallic iodide, on being heated with 
concentrated sulphuric acid yields violet vapours of iodine. 

(«) Chlorine water liberates iodine from an aqueous solution of hydriodic acid 
or any metallic iodide, which dissolves in carbon disulphide, imparting a violet colour 
t(4 the solution. 2HI + Clj = 2HC1 + I*. 

{Hi) An aqueous solution of hydriodic acid or any metallic iodide gives a yellow 
precipitate of silver iodide with silver nitrate — the precipitate is insoluble both in 
nitric acid and ammonia. HI + AgNOj = Agl + HNO3. 

Potassium Iodide. — (i) Hot concentrated caustic potash reacts with iodine, 
yielding a mixture of iodide and iodate. The solu^on is evaporated to a solid residue 
which is then reduce^ with charcoal, as in the preparation of potassium bromide. 
The mass is extracted with water and the solution crystallised for potassium iodide. 

• 2KIO, + 3C « 2KI + 3GO*. 

(it) Ferrous iodide, produced by interaction between iodine and moist iron filings, 
i.s decomposed by potassium carbonate, yielding potassium iodide and insoluble 
ferrous carbonate which is filtered off ; the filtrate is crystallised for potassium iodide* 

Fela + K,G03 = FeCOj + 2KL 

It is used in medicine and photography. It reacts with cupric salt, precipitating 
cuprous iodide and liberating iodine — a reaction used for the volumetric estimation 
of copper. 2GUSO4 + 4KI = GuJa + 2KgS04 + I*. 

Gomposititm of Hydrogen Bromide or Iodide. — Hydrogen bromide or 
iodide can be shown to contain half its volume of hydrogen by adding sodium amalgam 
to a known volume of tlip gas in a graduated tube over mercury, as in the case of 
hydrochloric acid. 1 volume of hydrogen •bromide contains i volume hydrogen ; 
hence 1 molecule hydrogen bromide contains i molecule or 1 atom hydrogen. 

Hence, the formula HBrx, but the molecular wt. is 81, its vapour density being 

; 40.5. 1 + 80x = 81 whence x = 1. 

Hence the formula for hydrogen bromide is HBr. The formula for hydrogen 
iodide may be deduced similarly. 

Oxides *and Oxyadds of Chlorine 

i Chlorine does not combine directly with oxygen, but several oxides have been 

' obtained by indirect means. 

1 Oxides Oxyacids 

^ Chlorine monoxide, 01*0, gas Hypochlorous acid, HOCl 

Chlorine dioxide, ClOj, gas Chlorous acid, HGlOj 

Chlorine hexoxide, CljOe, liquid Chloric acid, HClOs 

Chlorine heptoxide, CljO,, liquid Perchloric acid, HCIO4. 

1* HOCl, HCIO, and HCIO* are known only m solution ; HCIO4 is a liquid. 
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Chlorine Monoxide and Hypocldorous acid.— When dry chlorine ut passed 
*over cooled precipitated mercuric oxide, the anhydride of hypochlorous acid,* GI2O 
is obtained as a brownish yellow gas, wMch condenses ni a freezing mixture to an 
organgc coloured liquid. With water, it yields hypochlorous acid ; unstable the 
gas explodes on heating. 2C1, + 2HgO = HgO,HgCla 4- 01*0, 

2GI3O = 2Gla 4- Oa GljO 4- HaO = 2HOC1. 

An aqueous solution of hypochlorous acid is prepared by shaking chlorine water 
with precipitated yellow mercuric oxide and filtering from the basic mercuric chloride. 

2Cla 4- 2HgO 4- HaO = HgO,HgCIa 4- 2HOG1. • 

Tt may also be prepared by passing chlorine into a suspension of chalk or sodium 
bicarbonate until the latter goes into solution. 

2Cla + 2HaO = 2HC1 + 2HOC1. 

CaCOa 4- 2HCI - GaCl* + HjO 4- COa. 

2Cla + GaCOa 4* HjO = CaCla 4* 2HOG1 + COa- 

Hypochlorous acid, being weaker than carbonic acid, cannot decompose a 
carbonate. NaHCOa 4- Gig - NaCl 4- GOg 4- HOCl. 

On a large scale hypochlorous acid is obtained by the action of carbon dioxide 
upon a suspension of bleaching powder in water. 

2Ca(OCl)CI + HjO + CO, = CaClj + CaCO, ^ 2HOa. 

Hypochlorous acid is an unstable weak acid and known only in solution — the 
solution is pale yellow ; stable in the dark, it decomposes on heating or on exposure 
to light, yielding oxygen and chlorinef and hence a powerful oxidising agent. 

2HC10 = 2HC1 + O, ; HCl + HOCl = Cl, + lt,0. 

• 

Hypochlorites. — Hypochlorous acid reacts with alkalis to form hypochlorites. 
Sodium hypochlorite solution may be obtained by passing chlorine into cold dilute 
caustic soda solution ; the solution cannot be concentrated, since hypochlorite 
decomposes into chlorate and chloride. It is manufactured by the electrolysis of 
cold brine such that the products, chlorine and sodium hydroxide, react yielding 
hypochlorite. Addition of a little KjCrOg which prevents reduction of hyF>ochlorite 
by nascent hydrogen, to the electrolytic bath improves the yield. 

Cla 4* 2NaOH = NaCl 4- NaOCl 4- HgO. 

A powerful oxidising agent, it is a valuable disinfectant and bleaching agent. 
It liberates iodine from potassium iodide — a reaction used for its estimation. 

NaOCl 4- 2KI 4- 2HC1 = NaCl + 2KC1 4- H^OM- Ig. 

Calcium hypochlorite may be obtained by the action of chlorine upon milk of 
lime in the cold, and evaporating the solution in vacuum when the crystalline hydrate, 
Ga(OGl)a, 4HaO, deposits. • 

Bleaching powder. Chloride of lime, Ca{OCl)Cl . — ^The most 
important derivative of hypochlorous acid is bleaching powder, 
calcium chloro-hypochloritc, Ca(OCl)Cl. Tliis is obtained 
conunercially by the action of chlorine upon slaked lime : 

Cla + HaO = HCl + HOCl 

.OH HOCl OCl 

CaC + = Ca / + 2HaO 

^OH HCl ^C1 


Ca(OH) a+Cla=Ca(OCl)Cl^+HaO. 
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Chlorine gas (as obtained bv the electrolytic process;, free from 
moisture and carbon dioxide, and generally diluted with air, is passed 
into a series of lead chambers (typically ten) having concrete floors ; 
slaked lime (containing not more than 4 per cent moisture) is spread 
on the floor of the chambers to a depth of 3 inches, and this is then 
furrowea for uniform absorption of chlorine. The process is complete 
within a day’s time, the chambers are blown out with air until the 
atmosphere is sweet, and also dusted with lime to remove the last 
trace of chlorine. The chambers are then opened and woikmen 
get in and shovel the finished product through ports in the floor into 
barrels. The temperature is not allowed to rise above 35 — 40°G. 
The temperature is controlled by the circulation of cold water through 
cooling coils embedded in the floors. The product contains about 
35 — 37% available chlorine. 

In a continuous process, slaked lime is gradually pushed by mechanical rakes 
over and down the floors (typically ten) of a cylindrical tower of reinforced concretb 
and lined, inside with tar and fire clay ; chlorine is fed in from the bottom. Chlorine 
is absorbed by slaked lime on counter-current principle. The finished product is 
freed from chlorine by a blast of air at the bottom of the cylinder and then discharged 
into wooden drums. The temperature is controlled by circulating cold water through 
pipes embedded in the floors. 

Bleaching powder is also called chloride of lime. 

Properties. — (i) A white powder, smelling strongly of chlorine, 
bleaching powder absorbs moisture from the air, but is not deliquescent. 
It does not dissolve completely in water, always leaving a white 
residue of lime ; the aqueous suspension, however, contains the calcium 
hypochlorite in solution. 

(ii) Unstable to heat ; the moisture and carbon dioxide of the 
atmosphere decompose it, liberating chlorine. 

Ca(OCl)Cl + CO2 = CaCOj + Clg. 

fiii) It reacts with dilute acids to give chlorine : 

Ca(OCl)Cl + H2SO4 = CaS04 + H^O + Cl^ 

Ca(OG)Cl + 2HC1 = GaGlg + HgO + Gig. 

The chlorine thus set free is known as available chlorine and is 
responsible for the bleaching and^oxidising properties of bleaching powder. 
The valuation of bleaching powder depends upon its content of 
available chlorine which is expressed as the number of parts by weight 
of it which may be obtained from 100 parts by weight of the sample 
by treatment with dilute acids, and is generally spoken of as the 
“percentage of available chlorine” which is usually 35 — 37% in a 
commerci^ sample. 

(iv) Gobalt salts decompose a suspension of bleaching powder 
catalytically, liberating oxygen : 2Ga(OGl)Gl = 2GaGl2 + O2. 

(v) A solution of sodium hypochlorite and chloride is formed by 
precipitating bleaching powder solution with sodium carbonate : 

GaOGla + NaaGOg = GaCO, + NaOGl + NaGl. 

(vi) It is a powerful oxidising agent ; thus it liberates iodine from 
an acidified solution of potassium iodide — a reaction made use of for 
its valuation : Ga(OGl)Gl +2KI +2HG1 = GaGl2+2KCl+H20 +1*. 
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It oxidises sodium arsenitc to arsenate — ^a reaction also used for its vaiuatiotu 
NasAsOj + GaOGl) — NajAsO* + GaClg. 

Uses. — ^Bleaching powder is used as a disinfectant, for sterilising water and in 
the manufacture of chloroform. But its principal use is for bleaching paper*pulp^ 
cotton and linen. 

The fabric to be bleached is boiled with dilute caustic soda to remove greasy 
impurities and then washed with water ; it is next steeped in a solution of bleaching 
powder and then left exposed to air for several hours when the bleaching is done 
by chlorine liberated from the bleaching powder by atmospheric carbon dioxide. 
The fabric is then washed with dilute sulphuric acid to destroy any excess bleaching 
powder, and finally with sodium sulphite solution to remove the last trace of chlorine. 

Bleaching powder with a dilute acid is used for rendering wool unshrinkable. 

Bleaching powder is now largely displaced as a bleach by : (i) liquid chlorine^ 
and (ii) calcium hypochlorite, the so-callcd high test hypoc^orite. Galcium 
hypochlorite is made in bulk by chlorination of a lime slurry followed by its separation 
as crystals by salting out with common salt. The commercial product Maxochlor 
is twice as strong as ordinary bleach and contains 75% available chlorine. It is 
stable, and does not spoil on keeping, and is completely soluble in water, perchlorons 
calcium hypochlorite stabilised with a little Ga(OH)s, is another high test 
hypochlorite. 

Formula of Bleaching Powder. — ^Bleaching powder was suggested by Balard 
(1835) to be a mixture of equimolecular amounts of calcium chloride, and hypochlorite, 
GaCl, + Ga(OGl)a, since its solution gives the tests for both. But the view was 
rejected because — 

(i) bleaching powder is not* very deliquescent while apy mixture containing 
calcium chloride should be highly so. 

(ii) the alcoholic extract of bleaching powder contains practically no calcium 
chloride, though the latter is soluble in alcohol. 

(iii) moist carbon dioxide liberates the whole of available chlorine from bleaching 
powder, while it has no action upon calcium chloride. 

Odling suggested the formula Ga(OGl)Cl — calcium chloro-hypochlorite for 
bleaching powder. The formula explains all its reactions and also agrees with its 
theoretical available chlorine content which is 49. 

The formula for bleaching pow'der, therefore, is: Ga(OGl)Gl. Bleacliing 
powder is now regarded as a mixture of calcium hypochlorite, Ca(OCl)8, 4H80 and 
basic calcium chloride, GaGl2, Ga(OH)a, HjO. 

Chlorine dioadde. — It is obtained as a yellow gas by cautiously warming to 
70 ^ a mixture of powdered potassium chk>rate and well-cool^ concentrated sulphuric 
acid. 

3KG10, + SHaSO* = SKHSOa + HGIO4 + 2G10a + H9O. 

An explosive gas, it dissolves in water — the solution is neutral but it reacts with 
alkali, giving a mixture of chlorite and chlorate. * 

2GIO, + 2NaOH = NaGlO, + NaaO, + HjO. 

When cooled in freezing mixture the gas condenses to a dark red licjuid. A 
non-explosive mixture of GlOa and GOg is formed by heating at 60®G a mixture of 
KGlOs and oxalic acid HaGaOa. 

2HGIO3 + HaGaOa = 2HaO + 2010, + 200,. 

GIO, is prepared pure by passing chlorine over silver chlorate at 90® and 
condensing the chlorine dioxide as liquid in a freezing mixture. 

2AgaO, + Gl, = 2AgCl -I- 2CIO, + O,. 

CIO, is a powerful oxidising agent. Sodium chlorite is used under the name 
iesetone as a bleaching agent for i^peipulp, cottoA and rayon. 
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Chlorous acid. — It m obtained by the action of dilute sulphuric acid upon 
barium chlorite and filtering from barium sulphate : 

Ba(G10,)a + H,S04 = BaS04 + 2HC10a. 

Barium chlorite is prepared by jjassing chlorine dioxide into a suspension of 
barium peroxide in hydrogen pci oxide. BaOa + 2C10a = Ba{G10a)a + Oa- 

Chloric acid and chlorates. — Chloric acid is prepared by the action of dilute 
sulphuric acid upon barium chlorate and filtering from the insoluble barium sulphate. 

Ba(C10a)2 + HjSO* - BaSOa + 2IICIO3. 

The solutlbn may be concentrated in a vacuum to 40% HCIO3 ; on further 
concentration or on heating, it decomposes, giving perchloric acid and chlorine 
dioxide. 3HCIO3 == HCIO4 + 2ClOa + H3O. 

Chlorine hezoxide. — ClaOo is made by mixing ClOa and ozonised oxygen at 
It is a dark red liquid. It dissolves in water and forms chlorate and perchlorate 
with alkali. GI2O3 + 2KOH --= KCIO3 + KGIO4 + H3O. 

Potassium chlorate, KCIO3.— It may be prepared in the 
following way : Chlorine is passed through an inverted funnel into a 
hot concentrated caustic potash solution in a beakei. When the 
solution smells strongly of chlorine, it is cooled and the crystals of 
petassium chlorate arc filtered off, washed with cold water and finally 
recrystallised from hot water. 

Potassiam chlorate is obtained commercially by — (i) Chemical method. — 
Calcium chlorate is made by bubbling chlorine into hot milk of lime contained in 
cast-iron vats with agitating paddles ; powdered potassium chloride is then added 
to the calcium chlorate liquor, when the sparingly soluble (solubility, 5.7% at 15°) 
potassium chlorate sej^arates on cooling. The crJde product is recrystallised from 
hot water. 

• 6Ca(OH)3 4- 6GI, == 5GaGla -f GaCClO,)* + 6H,0. 

Ca(C10,)2 4- 2KCI = GaCl, + 2KCIO3. 

3 CI 2 + 6KOH = KCIO 3 + 5KC1 + 3 H 2 O. 

(ii) Electrolytic method. — Sodium chlorate is prepared by 
electrolysing common salt in such a way that the products of electrolysis 
at the anode and the cathode are allowed to mix freely. A hot 
(85® — 90®C) saturated solution of common salt, to which a little free 
acid (about 5 gms. HCl per litre) and sodium dichromate (about 2 
gms. per litre) have been added, is electrolysed between iron cathodes 
and smooth platinum anodes — the liquor* being contained in a lead-lined 
steel cell. The sodium chloride on electrolysis yields chlorine, caustic 
soda and hydrogen. The chlorine liberated at the anode reacts with 
caustic soda formed* at the cathode — hydrogen evolved at the cathode 
passes out — yielding sodium hypochlorite. The hypochlorite is then 
oxidised to chlorate by ^jypochlorous acid which is always present in 
the liquor owing to the acidity of the bath. The addition of dichromate 
prevents cathodic reduction of the chlorate. 

CI 2 + 2NaOH = NaCl + NaOCl + HgO ; 

2HG10 + NaOCl = NaClOa + 2HC1. 

The electrolysed solution is then concentrated when the less 
soluble sodium chloride is first deposited which is filtered off— the 
mother liquor containing the more soluble sodium chlorate is then 
crystallised for the latter. Potassium chlorate is obtained by treating 
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a solution of sodium chlorate with potassium chloride, when the 
sparingly soluble potassium chlorate crystallises out : 

NaClOa + KCl = KCIO3 + NaCl. 

Potassium chlorato may also be made by the elcctroysis of potassium chloride 
solution— the sparingly soluble potassium chlorate crystallising out. 

Properties. — (i) A white crystalline solid, sparingly soluble in water potassium 
chlorate melts at 370 °. Sodium chlorate is very soluble in water. 

(ii) Heated just above its melting point 370 °, it is converted into a mixture of 

potassium cliloride and oxygen : • 

4 KG 10 ., = KCl + 3KGIO4 ; KCIO4 - KCl + 2O3. 

Heated with manganese dioxide, potassium chlorate decomposes below its melting 
point into potassium chloride and oxygen — ^no perchlorate is formed. 

(iii) Chlorates are powerful oxidising agents ; it is reduced by hot sulphurous 
acid to chloride which yields a white precipitate with silver nitrate — the chlorate 
is not precipitated by silver nitrate. 

KGIO3 + 3HaS03 = KCl d- 3H3SO4. 

(v) It oxidises hot concentrated hydrochloric acid to yellow euchlorine gas^ 
a mixture of Glj and GlOa. 

2 KC 10 a + 4 HG 1 = 2 KC 1 + Clj + 2 ClOa + 2H2O. 

(v) It reacts with concentrated sulphuric acid, yielding^ the explosive gas chlorine 
dioxide and perchloric acid. 

3 KC 10 a + 3H3SO4 = 3KHSO4 4 - HGIO4 + 2 C 10 a + H3O. 

Uses. — Potassium chlorate forms dangerous explosive mixtures with sulphur, 
phosphorus and charcoal and hencests use as an ingredient in fire-works and matches ; 
mixed with magnesium and red phosphorus, it is also used k\ photographic flash 
powders ; also as an oxidising agent : It is used in medicine as an antiseptic^ in the 
form of chlorate lozenges for the cure of sore throats. 

On adding cone. H2SO4 by means of a pipette into a mixture of potassium 
chlorate and sugar taken on an asbestos board, the sugar bursts into flame and is 
converted into black mass of charcoal — the reaction is caused by the action of sugar 
upon chlroine dioxide formed. 

Perchloric acid, HCIO4 is formed by the decomposition of chloric acid 
on distillation : 3HCIO3 = HCIO4 + Glj + 20 * + H3O. 

It is usually prepared by distilling potassium perchlorate with concentrated 
sulphuric acid in a retort — the perchloric acid collects in the receiver as a colourless 
fuming liquid which gradually solidifies to the monohydratc HC104,H30, m.p. 50 °. 
The anhydrous perchloric acid is obtained by distillation under reduced pressure 
as a colourless mobile liquid. It is the jnost stable oxy-acid of chlorine ; it may 
explode when heated at atmospheric pressure. It is a strong acid. It is an oxidising 
agent and inflames paper and wood. Perchloric acid is used for the gravimetric 
estimation of potassium as potassium perchlorate. 

KCIO4 + HaSO* = KHSO4 + HCIO4. 

Potassium perchlofate, KCIO4. — It is prepared by heating potassium chlorate 
4 KC 10 a = 3KCIO4 + KCl.* 

Potassium chlorate is heated in a porcelain dish until the fused salt becomes pasty. 
The cold mass is ground with cold water in a mortar for separating the chloride — the 
residual perchlorate is then crystallised from hot water. Any chlorate remaining 
may be decomposed by boiling with a little concentrated hydrocliloric acid, which 
does not act upon the perchlorate ; the potassium perchlorate is filtered, and 
recrystallised from hot water. 

KCIO4 is sparingly soluble in water. It decomposes at a higher temperature 
than the chlorate : KGIO4 = KCl + 20 |. It does not bleach indigo in presence 
of sulphite as does the chlorate. With hot concentrated sulphuric acid it gives fumes 
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of perchloric acid, while the chlorate yields the explosive gas CIOs. It is not acted 
upon by hot and strong HGl which decomposes the chlorate, giving off euchloriMf 
vide supra. 

Sodium perchlorate is deliquescent and very soluble in water. Silver perchlorate 
is soluble in water and toluene. Magnesium perchlorate is a good drying agent. 
Pcrclilorates are used to make detonators and explosives. 

Chlorine Heptoxide, Cla 07 , is the anhydride of perchloric acid. It is a 
colourless explosive liquid. It slowly forms perchloric acid with water : 

01*0, + HaO = 2HGIO4. 

It is obtained by dehydrating anhydrous perchloric acid with phosphorus 
pentoxide at — 10°G and very carefully distilling from a retort. 


Oxides and oxyacids of bromine and iodine 

Oxides of Bromine. — ^Three oxides of bromine BraO, BrO^ and BrOa are known. 
BrOa is formed as a white crystalline solid, stable only below — 80°, by oxidising 
bromine vapour with pure ozone at 0° under a low pressure. Bromine monoxide, 
Br,0, is formed when bromine reacts w>th dry mercuric oxide. It readily 
decomposes. 

f Oxides of Iodine.— Iodine Pentoxide. — I2O5, is obtained as a white powder 
by heating iodic acid to 200°. It dissolves in water to form iodic acid : 

2HIO3 ^ laOs + H2O. k oxidises carbon monoxide, even if present in traces 
only, on warming : SCO + I2O5 = SGOg + Ij. 

Iodine Tetroxide, Io04y is obtained as a yellow powder by the action of cold 
nitric acid upon iodine or by heating iodic acid with concentrated sulphuric acid. 
It decomposes into iodine and iodine pentoxide *at 180°. I4O2 is formed by the 
action of ozonised oxfgcn on iodine. 

Broiftinc forms the oxyacids : hypobromous acid, HOBr, bromous acid, HBrOj and 
bromic acid, HBrOa, all known only in solution. 

The oxyacids of iodine are hypoiodous acid, HOI ; iodic acid, HIO3 ; periodic acid, 
HIO4, 2H3O or HsIOe. 

Hypobromous and Hypoiodous Acids. — An aqueous straw-yellow solution of 
hypobromous acid is obtained by shaking bromine water with yellow mercuric oxide 
and filtering. The solution is an oxidising and bleaching agent : 

2Br2 + 2HgO + H3O -= HgO, HgBr* + 2HOBr. 

The hypoiodous acid is prepared similarly. 

A mixture of hypobromite and bromide is obtained by treating cold aqueous 
soda and potash witJi bromine. The hypo-bromite in solution changes to bromate 
on keeping or warming : • 

Brg H- 2NaOH = NaOBr + NaBr -f- H2O ; SNaOBr = NaBrOg + 2NaBr. 

The hypoiodite rcsejnbles hypobromite but is less stable. It is prepared similarly. 
The stability of the acids of type HOGl diminishes from chlorine to iodine. 

Bromic and Iodic acids. — ^Bromic acid^ HBrOg, is obtained 111 solution by 
treating silver bromate, precipitated by adding silver nitrate to a solution of potassium 
bromate, with bromine water and filtering : 

5AgBr03 + 3Br3 + 3H3O — SAgBr GHBrOa. 

The solution may be concentrated in vacuo but decomposes to bromine and oxygen 
on heating : 4HBrOj =:= 2Br3 SOg -f 2HaO. The solution has oxidising 

properties ; 2HBr03 -h 5SOa -f 4H2O ~ Bfa + 5H3SO4. 

2HBr03 + 5H2S = Bra + GHoO + 5S ; HBrO, + 5HBr = SBr, -f- SHjO. 

A bromide-bromate mixture on acidification liberates bromine and is used for 
analytical purposes. 

5KBr + KBrOj + 6HC1 = 6KG1 + 3HjO -b 3Br,. 

t 
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Iodic Add* HIO3, is prepared by boiling iodine with concentrated nittic acid. 
The liquid is evaporated to dryness and heated to 200^ to expel the nitric acid. The 
residue of iodine pentoxide is dissolved in minimum quantity of water and left to 
crystallise, when colourless crystals separate : 

3Ia + lOHNO, = 6HIO, + lONO + 2HaO. 

It may also be obtained by the action of chlorine on a suspension of iodine in 
water : la + 5Cla + 6HaO = lOHCl + 2HIOs, also by evaporating iodine with 
chloric acid : 2HG108 + It = 2HI08 + Clf 

At 200** iodic acid yields the anhydride laO^, which dccomf^ses to itxline and 
oxygen at 300°. An oxidising agent, iodic acid resembles bromic acid in oxidising 
actions. Although monobasic, iodic acid forms normal and acid salts, e.g., KIO81 
and acid potassium iodate, also called potassium bi-iodate, KH(103)f 

Potassium Bromate, KBrOs, may be made by dissolving bromine in hot 
concentrated potassium hydroxide solution : 

3Brt + 6KOH == 5KBr + ICBrO, + 3HaO. 

It is sparingly soluble and is separated from the potassium chloride by crystallisation. 
Potassium bromate decomposes to potassium bromide and oxygen when heated : 

2KBr08 = 2KBr + 30, (cf. KClOj). 

• 

Potassium Iodate. KIO3, is sparingly soluble ; it resembles potassium bromate 
and is prepared similarly, vide supra* It is best made by heating potassium chlorate 
^solution with iodine : 2KCIO3 + = 2KI08 + Clg. An iodate-iodide mixture 

liberates iodine on acidiheation : 5K.I + KIO3 + 6HC1 = 6KC1 + 3H3O + 313. 

• 

Periodic Acid. — Periodic acid, HnlOe, and potassium periodate, KIO4, are 
prepared by the electrolytic oxidation of iodic acid and potassium iodate respcctivdy. 
Iodic acid solution is taken in a porous pot in which is placed the anode — ^a lead 
plate coated with lead peroxide ; the pot stands in dilute sulphuric acid in which 
is dipped a platinum cathode — the electrolysed solution in the porous pot yields 
periodic acid on crystallisation. Sparingly soluble potassium periodate is obtained 
by electrolysing potassium iodate in the same way. Periodate is also made by oxidising 
an iodate in alkaline solution by chlormc. The acid forms colourless, deliquescent 
crystals which melt at 133° and decomposes at 140° ; 2H8lOg = I2O5 + SHgO 4- O3. 
The acid is pentahasic and hence the formula HglOg. The solution is strongly acid and 
is an oxidising agent. Periodic acid and its salts are more stable than their chlorine 
■analogues. Barium periodate is formed by heating barium iodate to redness : 

5Ba(I08)a = BagCIOe). + 418 + 90.,. , 

Pcrbromic acid is unknown. 

Comparison of the Properties of Halogens. — ^Thc halogens fluorine, chlorine, 
bromine, and iodine, which belong to group V lib in the periodic table form a family 
of closely related elements. Their properties show a regular gradation with increasing 
atomic weights from fluorine to iodine, as the table of their properties most convicingly 
illustrates : • 


The halogens do not occur in the free state. They are monovalent and form 
univalent anions in their halides, e.g., NaF, NaCl, NaBr and Nal. 

(i) The melting and boiling points of the halogens gradually increase from fluorine 
to iodine with increasing atomic weight ; the state of existence of the halogens shows 
a gradation from gas to solid with deepening of colour — their density, also increasing 
with increasing atomic weight. 

(ii) The halogens are the most riectro-negative (non-metalHc) elements — the 
non-metallic character gradually decreasing from fluorine to iodine. As non-metals. 
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they exhibit great affinity for hydrogen and metals*— :thc affinity, however* 
gradually decreasing from fluorine to iodine, as the reactions of the halogens w*th 
hydrogen, water and metals indicate. 

(iii) The halogens are very reactive chemically. The reactivity decreases (as 
their reactions with both metals and non-metals illustrate) in general with decreasing 
electro-negativeness ; thus fluorine can displace chlorine from its salts, chlorine can 
displace bromine, and bromine can displace iodine. 

Oxidising and bleaching action. — ^l^he halogens arc powerful oxidising agents 
and hence all react with reducing agents— their oxidising power diminishing with 
d^ireasing electro-negativeness. The bleaching property decreases from chlorine 
to iodine which does not bleach at all — fluorine destroys the material to be 
bleached. 

(v) Affinity for oxygen. — The affinity for oxygen (unlike^ that for hydrogen) 
increases from fluorine to iodine (except in the case of bromine which resembles 
fluorine in having little affinity for oxygen), pyxeept iodine which is oxidised to 
iodic acid by hot concentrated nitric acid, the halogens are not affected by oxidising 
agent — bromine however forms an unstable oxide with ozone. A large numl^cr 
of oxides of halogens have been obtained by indirect means. 

The stability of thp oxyacids also increases from chlorine to iodine (Bromate 
is less stable than chlorate, and fluorine forms no oxyacid) ; thus iodine liberates 
chlorine from potassium chlorate. 2KCIO3 + I2 — 2KIO3 + Gig. 

(vi) Action of alkali.— Fluorine differs from other halogens in not forming 
oxysalts with alk^is — with cold dilute alkali, ’it reacts, yielding fluorine monoxid^ 
F3O, while with hot concentrated alkali oxygen is liberated. Chlorine, on the other 
hana, reacts with cold dilute alkali, producing chloride and hypo-chloritc ; with 
hot concentrated alkali it yields chloride and chlorate. Bromine and iodine behave 
like chlorine. 

Hydrides of Halogens, Comparison of, — (i) The halogen hydrides are 
colourless gases (HF is a liquid below 19 . 5 ° which fumes strongly in moist air). HF 
is highly poisonous.' The gases, all heavier than air except HF which is lighter, 
do not burn nor support burning ; they exhibit a gradation in properties except HF 
whose abnormal behaviour is due to the association of its molecules : 

(ii) The stability of the hydrides decreases from HF to HI, as the effect of heat 
upon them clearly indicates. 

u 

(iii) Effect of oxidising Agents^— llie case of oxidation increases with the 
decrease of the stability of the hydrides ; HF is not affected by oxidising agents ; 
HCl is oxidised to chlorine and water by strong oxidising agents, such as 
permanganate, diehromate, nitric acid, manganese dioxide, etc. ; besides by those 
mentioned under HCl, HBr is also oxidised to bromine and water by hydrogen 
perbxide, chlorine and concentrated H3SO4 ; HI is readily oxidised to 'iodine and 
water by all oxidising agents, including the above, and ailso by cupric and ferric 
salts and nitrous acid. HI is so easily oxidised that it is frequently used as a reducing 
agent. 

(iv) Strength of acid. — ^Hydrogen fluoride is a much weaker acid than HCl, 
HBr and HI which are equally strong. HF differs from other hydracids in etching 
glass. Hydrofluoric acid is associated at low temperature ; it is HtF^ in concentrated 
solution. 

(v) Halidea. — Calcium fluoride is insoluble in water, while the corresponding 
dtlodde, bromide, ^nd iodide are soluble in water. Silver fluoride, the other . 
Iian4, is soluble in water, whilst the chloride, bromide and iodide are insoluble. 
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(c) shaken with chlorine Ns coloration No coloration Orange-yellow colour. Blue colour, 

water and then starch 

solution added. I 
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Exercises 


1. How was fluorine isolated ? Give reasons for the procedure adopted* 

Compare its properties with those of chlorine. Calcutta '54 

2. Name two minerals of fluorine. How is anhydrous hydro-fluoric acid 

prepared ? What is meant by etching of glass ? Compare the properties of the 
hydracids of the halogens. Punjab '27 

3. Describe the preparation of a sample of chlorine free from hydrogeffii chloride. 

Explain, with equations, the action of chlorine upon->~(a) milk of lime, (b) sulphurous 
acid, (c) hydrogen sulphide, (d) molten tin, (s) chalk in suspension in water, (/) quick 
time. Patna Inter, 

4. Describe how (a) a solution of potassium hydroxide, {b) a solution containing 
a hypochlorite, (e) crystals of potassium chlorate, may ^ obtained as direct results 
of dectrolysis of potassium chloride solution. 

A few grams of potassium got mixed up with mercury. The mixture was treated 
with water and the aqueous solution was then separated, warmed and then allowed 
to be mixed up with a stream of chlorine gas. When the solution was almost saturated 
with chlorine, a crystalline product separated out. This was filtered and kept at 
370* for some time. This was then crystallised from hot water. What was the 
final product ? Potassium perekloratiy Calcutta '41 

5. How is bleaching powder manufactured ? What & its formula ? What 

is meant by the term ‘available chlorine’ of a sample of bleaching powder ? How 
would you proceed to bleach a fabric with it ? How may oxygen be obtained from 
bleaching powder ? Ajmer Inter, '33 

In alkali factory chlorine is a by-ploduct. How can this be h^t utilised ? 

6. What is the chief source of bromine and how is it obtained in the pure state ? 

How may specimens of (a) hydrogen bromide, {b) potassium bromide be prepared 
from bromine ? Describe the reactions of bromine with (i) phosphorus, (ft) sulphur 
dioxide, (iit) sodium carbonate and {iv) potassium iodide. Bombay *53 

7. What are the chief sources of iodine ? Indicate the reactions by which 

it is obtmned from them. Describe and explain the actions of iodine on (a) mercury, 
(3) nitric acid, (c) sodium thiosulphate, (d) hydrogen sulphide, (s) potassium 
iodide, (/) caustic soda, (g) iron filings. Qtl. *57, Madras *49 

8. How is hydrochloric acid obtained commercially and for what purposes 
is it used ? How would you establish that its formula is HCl ? How would you 
detect traces of chlorine in hydrochloric acid ? 

9. How are (a) hydrogen chloride and {b) hydrogen iodide usually prepared 

in the lal^ratory ? Comment on the different methods employed. What happens 
when their aqueous solutions are treated with (i) silver nitrate in excess of ammonia, 
(ci) copper sulphate, (iit) ferric chloride solution ? How would you distinguish 
iodides from chlorides and bromides ? • Patna Inter, 

10. Compare the properties of the halogens and their hydracids and justify 
their inclusion in the same group in the periodic table. 

In what respects do fluorine and chlorine and also their compounds differ from 
one another ? 

11. Describe the action of concentrated sulphuric acid on potassium chloride, 

potaMium bromide, and potassium iodide. State briefly how you would prepare 
specimens of each of the following acids : hydrochloric, hydrobromic, hydri^ic. 
Give equations representing the reaction. By what tests would you distingubh 
and identify hydrobromic and hydriodic acid solutions ? Calcutta *53 

Explain what happens when : (a) a heated glass rod is inserted in a jar of 
hydriodic acid. 

(b) hydriodic acid is led into copper sulphate solution. 

(r) an aqueous solution of hydriodic acid is exposed to air for some time. 
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12. lodme resembles graphite in appearance. How would you distinguish 
between them ? Explain how you would separate a mixture tjS iodine and potassium 
iodide. 

Describe uriiat happens when : (a) a crystal of iodine is heated in a flask. 

(6) chlorine water is added to potassium iodide solution, and then shaken with 
carbon disulphide. 

(r) a mixture of potassium iodide and iodate is acidified. 

(d) a Crystal of iodine is shaken with potassium iodide solution. 

(r) iodine is heated with concentrated nitric acid. 

(f) chlorine acts on a suspension of iodine in water. 

13. Describe the preparation of a specimen of hydrobromic acid. How would 

you obtain an aqueous solution of hydrotn-omic add from bromine water, and rice 
rtrsa ? Ck>mpare the properties of hydrobromic acid with those of hydrochloric 
and hydriodic adds. Calcutta *47 

14. Some iodine got mixed with potassium iodide. How will you separate 
them ? 

Discuss the chemical changes that take place when (a) iodine is mixed with 
caustic soda solution, (b) potassium iodide is mixed with concentrated sulphuric 
add, (c) gaseous chlorine is passer’ into aqueous solution of potassium iodide, 
(d) potassium iodide h added to mercuric cldoride solution. Calcutta *47 

15. How is hydriodic add prepared in laboratory ? Give a neat sketch of 
the apparatus used. Compare its properties with those of hydrochloric acid. 

Punjab *49 

Describe the changes that occur when (a) gliseous hydriodic acid is heated {b) when 

M ucous solution is treated successively with silver nitrate and ammonia, (e) when 
ine is passed into its solution followed by hydrogen sulphide. 

Calcutta *45 

16. ^ Explain how chlorine bleaches. Give examples to illustrate it. Describe 
the action of chlorine with (a) oil of turpentine, (6) aqueous solution of ferrous 
chloride, (r) hot caustic potash solution, (d) a solution of potassium iodide, 
(#) hydrogOT, (/) heated iron wire, and (g) water. How would you know that 
sodium chloride contains chlorine ? 

17. ^ Explain what happens when : (i) a jet of burning hydrogen is introduced 
into a jar of chlorine, (ii) dry^ chlorine is passed over molten tin, {Hi) chlorine is 
passed into ferrous sulphate acidified with sulphuric acid, {iv) an aqueous solution 
of chlorine b exposed to sunlight, (u) a mixture of hydrogen and chlorine is exposed 
to sunlight, (w) chlopne is led mto a suspension of yellow mercuric oxide, (vH) chlorine 
is passed into hot ^lutic potash solutiqn until saturated, {uiii) common salt is heated 
with manganese dioxide and sulphuric acid, {ix) chlorine is led into a jar containing 
molten phosphorus under water, (x) potassium chlorate is warmed with iodine. 
How would you show that hydriodic acid is a more powerful reducing agent than 
hydrobromic acid ? 

18. Explain what happens when : (i) calcium fluoride is heated with con- 
centrated siUphuric acid in a glass test tube, (tt ) an aqueous solution of hydrofluoric 
add is electrolysed, {Hi) fluorine is led into a cold dilute solution of caustic soda, 
(iv) a suspension of bleaching powder is treated with sodium carbonate solution, 
(v) potassium chlorate is heated with concentrated hydrochloric acid. How would 
you detect the presence of both a bromide and a chloride in a mixture of the two ? 

19. ^ What are the common sources of bromine ? How is bromine manufactured 
industrially ? State its properties and uses. Name an important bromide and 
state its uses, Calcutta *59 

How would you distinguish between ; (i) nitrogen peroxide and bromine 
vipour ? , 

20. Describe the preparation and uses of : (e) bleaching powder, (b) potassium 
dilorate. c U. P, Board *51 
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At wt. 

At. no. 

Density 

(solid) 

At. vol. 

M. pt. 

B. pt 

Atomicity 

Oxygen 

Sulphur 

16.00 

8 

1.4 

11.2 

-218.4® 

-184® 

0, 

32.06 

16 

2.1 

15.3 

112.8® 

444.6® 

• S. 


Electronic confij;uration ; Oxygen 2, 6 ; Sulphur 2, 6, 6. Oxysen, sulphur, 
selenium and tellurium belong to group VIb in the periodic table. These elements 
are classed as non-metals, but there is a gradual increase in the electropositive 
character with increasing atomic weight. 

The properties of oxygen and its compounds dtfir in many respects from those 
of sulphur — their chief points of difference are : 

(i) Oxygen is a gas, while sulphur is a solid at ordinary temperature ; the 
molecule of sulphur is but that of oxygen O9. 

(ii) Oxygen is a supporter of combustion, but sulphur is a combustible solid^ 

(iii) Valency of oxygen is 2, but the maximum valency of sulphur is 6, as in SF* 
but lower valencies of 2 and 4 (as in SOf) are also 4^own. Oxygen forms no 
compounds similar to sulphites and sulphates. 

(iv) Hydrogen sulphide KgS, is a weak acid, whereas water H^O is neutral. 

(v) Water is an associated liquid, mainly a trimer (H|0)s, at the ordinary 
temperature, while hydrogen sulphfde is a gas consisting of simple molecules of H2S. 

^ (vi) Chlorides of oxygen, viz., GI2O7, are explosive ; they react with water forming 
acids, GI2O7 -f- HyO » 2HCIO4, chlorides of sulphur are not explosive — ^tlfey are 
hydrolysed by water, forming HCl and sulphur. 

But ^e chemistry of oxygen and sulphur exhibit some similarity, justifying their 
placing in the same group : 

(a) Both oxygen and sulphur contain 6 electrons in the outermost shell of their 
atoms, and accordingly form the bicovalent compounds H-O-H and H-^H, and 
the Iri-electrovalent compounds Na+O^Na+ and Na+S'Na+. 

(b) Oxides ahd sulphides show great similarities in their reactions : 

FeO + 2HG1 == FeCl, + HjO ; FeS + 2HC1 = FeCI, + H^S 

Sulphur may take the position of oxygen in many oxides and oxyacids ; e.g., 
CSj is analogous to CO2 ; CS, reacts with NaOH to form sodium thiocarbonate 
Na2GS„ while GO2 gives NajCOi with c^tic soda. 

Sn02 is analgous to SnS„ the former reacts with NaOH to form stannate NagSnOi, 
while the latter with alkali gives stannate and analogous thiostannate NasSnS^. 
Both oxygen and sulphur are found free in nature and both exhibit sdlotropy. 

Sulphur 

History and Occurrence. — ^From its occurrence in the free state in Sicily, 
sulphur or brinutone was known to the ancient Greeks and Romans. The Egyptians 
were also familiar with it. Homer (900 B.C.) mentions the use of burning sulphur 
in fumigation, and the fumes thereof were used in the bleaching of textile fabrics at 
an early date. The use of sulphur in medicine is also a very old practice. 

Huge deposits of sulphur occurs in the volcanic regions of Sicily, Japan, and in 
Louisiana and Texas in U.S.A.— fier cat of the total sulphur used in the world is produced 
in America. 

Sulphur is formed in volcanic districts by interaction between hydrogen sulphide 
and sulphur dioxide which are present in volcanic gases ; 2H2S -f SO2 « 2H|0 + 3S. 
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Combined sulphur occurs as metallic sulphide and sulphates ; the more important sulphides 
arc ; galena, PbS ; zinc blende, ZnS ; copper pyrites, GufS, Fefli ; cinnaber, HgS ; and 
iron pyrites, FcS,. The sulphates are : gypsum, CaS 04 , 2HO ; anhydrite, CaSOR ; 
heaty spar, BaS 04 and kieserite, MgS 04 , HjO. 

Sulphur occurs in many organic matter^ for example, in hair, egg albumen, in 
the odorous principles of garlic, onion and mustard. 

Deposits of sulphur occur at Koh-i-Sultan in Beluchistan. Gypsum is found 
in India. 

^ Esrtra^on of native snlphurR — (a) Sicilian Snlpknr : 

Sulphur-bearing rocks, as dug in Sicily, contain about 20 per cent 
sulphur, besides many impurities such as clay, limestone, sand and 
gypsum. The sulphur is separated from the rock by liquation. The 
rock is heaped in lumps in brick kilns (called calcaroni) 'built on sloping 
. hillsides, with air spaces, and kindled at the top. 

A portion of the sulphur bums, heating the remainder which 
melts and flows down the floor of the kiln into wooden moulds. The 
crude sulphur still contains about 5% rocky impurities. About 
30% of the sulphur is used up as a fuel. 

The process, therefore, appears to be wasteful, but native sulphur is cheaper 
than im]^rted coal. « 

The efficiency of the process is increased by using the Gill Kiln which consists 
of a number of communicating brick chambers arranged in a circle ; the hot gases 
from one chamber in which sulphur has 
melted passes into the adjoining one and 
melts out the sulphur there, and thereby 
economise heat. The recovery of sulphur 
is about 75 per cent. 

The crude sulphur is refined at 
Marseilles, where fuel is cheaper. The 
sulphur is melted in an iron pot, whence 
it runs into an iron retort, heated 
over a coal fire — the sulphur trails, and 
the vapour is led into a brick-chamber 
where it condenses on the cold walls as 
a yellow solid, called fiowera of 
anlpltnr. As the walls become hot, 
liquid sulphur collects to the bottom, 
when it is tapped out and cast into wooden 
moulds to form roll sulphur or 
brimstone (hg. 115). Fig. 115 

(b) American sulphur. — ^The deposit of free sulphur in Louisiana 
and Texas occtirs below layers of clay, quicksand and limestone, 
several hundred feet beneath the surface of the earth and is extracted 
by the Frasch process. A boring is made to the deposit, and 
‘pump’ of four concentric pipes (fig. 116) are sunk to the sulphur- 
tearing strata — down the two of outer pipes is pumped superheated 
water at 160® and at a pressure of 10 — 18 atmospheres, to. melt the 
sulphur. Compressed air at 35 atmospheres is forced down the 
inner pipe, when a froth of molten sulphur and air bubbles rises to 
the surface through the remaining pipe. The sulphur is led into.- 
Wooden vats where it solidifies. It is of 99.5 to 99.9 per cent purity 
and is ready for immediate use. 
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Recovered Sulpliiir* — ^Important sources are : (t) Goal gaa t Hydrogen 
sulphide distilled from coal (which contains iron pyrites, FeSs) in the manu&cture 
of coal gas, which is recovered as sulphur from the spent 
iran oxide, 

(tt) Sulphide ores : Sulphur dioxide in the waste 
gases from the roasting of sulphide ores of copper, 
lead, nickel and zinc, and from the burning of coal, 
which is conentrated by absorption in a cold solution 
containing basic aluminium sulphate or sodium 
sulphite — the solution on warming evolves sulphur 
dioxide which is reduced by coke at 1100‘*C, yielding 
sulphur : 

Na,SO, + H,0 + SO, ^ 2NaHSO, 

SO, + C == GO, + S 

(tti) Gypeum : On being heated with sand, clay 
and coke, gypsum yields sulphur dioxide which is 
reduced with white-hot coke at 1100% as above. 

(tV) Alkali ivaate : Sulphur was once used to 
be recovered from Le Blanc alkali waste containing 
calcium sulphide — Le Blanc process of soda ash manu- 
facture being obsolete, the recovery process is no 
longer in use. Hydrogen sulphide, liberated by 
passing carbon dioxide through a suspension of alkali 
waste in water, is oxidised to sulphur by passing a 
mixture of the gas and air over heated iron oxide. 

CaS + H,0 + GO, « GaGO, H,S ; 

2H,S + O, « 2H,0 4- 2S. 

Allotropy of sulphur. — Many allotropic forms of sulphur exist 
which differ markedly in their physical properties. The two common 
crystalline forms : (i) rhombic or a-sulphur, (ii) monoclinic or jS-sulphur, 
and the three amorphous forms : (i) plastic or y-sulphur, (ii) milk 
of sulphur^ (iii) colloidal sulphur. 

Rhombic sulphur. — It is best prepared by slowly evaporating a 
solution of roll sulphur in carbon disulphide — transparent lemon-* 
yellow octahedral crystals (fig. 25) deposit, density 2.06 ; its m.p. is 
112.8. It is soluble in CS' 2 . It is the most stable form at ordinary 
temperature — most other forms pass into it on keeping. Its formula 
is Sg. 

Monoclinic sulphur. — It is soluble in carbon^ disulphide — the 
solution on evaporation yields a-sulphur. Its m.p. is 118.75® and 
density 1.96. Its formula is Sg. Unstable at ordinary temperature, 
it passes into rhombic form on standing. • 

It is experimentally found that above 95.5® monoclinic sulphur is 
stable, and below 95.5® rhombic sulphur is stable, while at 95.5® 
both the forms are stable and remain in equilibrium — this is the 
transition temperature for the two crystalline forms of sulphur : 
S S)3. The transformation is reversible. 

Monoclinic or /i-sidpbur is prepared by allowing fused sulphur to cool slowly. 
A large porcelain crucible is nearly filled with pieces of roll sulphur, and gently heat^ 
on a sand bath until the whole cf sulphur a just fused. It is then allowed to cool 
until a crust is formed on the surface. The crust is pierced at two points with a 

I 
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pointed glass rod» and the still liquid sulphur is poured out. On removing the surface 
crust, transparent yellow needle-shaped crystals of /3-sulphur, also called pri am at ic 
onlphar, are found inside the cruable (hg. 26). 

liquid Sulphur* — Molten sulphur undergoes a series of changes when it is ri^ly 
heated to its bmling point. Sulphur melts at 1 12.8^ into a clear yellow mobile U^td 
which darkens in colour as the temperature is raised and becomes deep orange redj but 
it remains mobile until the temperature reaches about ISO** when the mobility is lost 
and the liquid suddently becomes very viscous ; on further heating the colour continues 
to darken ; the liquid is black and viscotis at 230^, but the mobility is, howler, 
gradually regained beyond 230° — ^the liquid becoming almost black at the boiling 
point, 4^.6° ; on slowly cooling the boiling sulphur the same colour and viscosity 
changes occur in the reverse order. 

The changes in viscosity are due to the fact that molten sulphur contains two 
allotropes SA (soluble in CSj) and (insoluble in CS|) in equilibrium : 

S\ s:? S/t— the precentage of S/i at 120° is 3.6 but it increases with temperature. 
The action of heat on sulphur may be represented as : 

96° 120° 160° 444.6° 1000° 

solid liquid vapour 

Plastic sulphur* — Small pieces of roll sulphur are heated in a 
large test tube until they melt to a clear mobile liquid. When this 
liquid sulphur, heated nearly to its boiling point, is poured in a thin 
stream in cold water, it solidifies to rubber-like elastic transparent 
yellow threads, called plastic sulphur or y-sulphur, density 1.92. 

It is insoluble in carbon disulphide^ .as it consists mostly of S/x. It 
passes into rhombic form on standing. Plastic sulphur consists of 
chain of sulphur atoms and hence it can be stretched. 

{Liquid sulphur) SA ^ S/x ► plastic sulphur. 

Milk of Sulphur* — ^This a variety of white amorphous sulphur. Powdered 
roll sulphur when boiled with milk of lime dissolves, forming calcium pentasulphide 
and thiosidphate ; the orange-yellow liquid is Altered and acidihed with dilute 
hydrochloric acid when milk of sulphur is deposited. 

12S + 3Ca(OH), = 2CaS5 + CaS,0, + 3H,0. 

2GaS, + CaSjOs + 6HC1 == SCaCl, + 12S + 3H,0. 

Milk of sulphur is soluble in carbon disulphide, and is used in medicine. Tt 
passes into rhombic sulphur on heating. It is a form of SA. 

Colloidal Sulphur* — turbid and milky colloidal suspension of sulphur is 
prepsued by acidifying a solution of 'sodium thiosulphate or by passing hydrogen 
sulphide into a solution of sulphur dioxide : 

*4- H2SO4 = ^a3S04 -h -4- SOf *4“ S 
, 2H3S -f- SOa = 2HaO + 3S. 

The addition of a little alum coagulates colloidal sulphur. Some forms of colloidal 
sulphur are soluble in cafbon disulphide, and others insoluble. It is used medicinally. 

Uses of Sulphur* — (i) Huge quantities of sulphur are burnt to sulphur dioxide, 
which is cither converted to sulphuric acid or to calcium bisulphite which is used 
in paper-making. 

(ii) Sulphur is also used for making carbon disulphide, sulphur chloride, 
sodium thiosulphate, ultramarine, gunpo\^er, matches, dyes, and in vulcanising 
rubber and in fire works. 

(iii) It finds use in medicine, and as a fisngicide in agriculture in vineyards* 

Properties of sulphur* — (i) Sulphur is a pale yellow brittle 
solid, Ron-conductor of heat and dectricity, and boils at 444.6** giving 
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deep red vapours — ^tbe temperature is definite to be used as a fixed 
point in thermometry. Sulphur vapour contains mainly Sg and Sg 
molecules in equilibrium : Sg ^ 4 S 2 . Rhombic sulphur melts at 
112.8% and monoclinic sulphur at 118.75^ Sulphur is insoluble in 
water. Crystalline sulphur dissolves in carbon disulphide (from 
which it is often recrystallised), and in hot benzene and turpentine — 
plastic sulphur is insoluble in carbon disulphide. 

(ii) It bums with a pale blue flame in air or oxygen^ forming 
sulphur dioxide mainly and a little sulphur trioxide. 

(iii) It directly unites, under the influence of heat with hydrogen, 
halogens (except iodine), carbon phosphorus, and most metals, 
forming sulphides. 

(a) Hydrogen sulphide is obtained by passing hydrogen and sulphur vapour 

over red-hot pumice stone : + S =» H^S. 

(b) A thin strip of copper catches fire in sulphur vapour, yielding copper 
sulphide : Gu 4- S » GuS. 

(c) Sulphur bums spontaneously in fluorine, forming sulphur hexafluoride which 

is a stable gas, insoluble in water : S + SF^ » SF^. • 

(d) Sulphur monochloride, an orange yellow liquid, is made by passing chlorine 
into lulling sulphur : 2S + Gl, =» SgCls. It dissolves suQ>hur. 

(iv) Hot concentrated sulphuric and nitric acids oxidise sulphur 
to sulphur dioxide and sulphuric acid respectively. 

S+2HgS04 = 3SOa+2HaO • S+ 6 HNO 3 = HaS04,+6N0g-f2Hg0. 

(v) Sulphur dissolves in hot alkali giving sulphide and thio- 
sulphate ; the sulphide combines with more sulphur, forming 
poly-sulphide, such as KgSg. 

4S+6KOH s=s 2KgS + KgSgOg (potassium thiosulphate) + 3HgO. 

A brown mass called liver of sulphur is made by fusing a mixture of sulphur and 
potassium carbonate : 

6 S + 3K,GO, = 2KaS3 + K,S,Oa + 3 GO 3 . 

Identity of AUotri^es of Sulphur. — The identity of different allotropes of 
sulphur may be establish^ by burning equal weights of the different forms in oxygen, 
when equal weights of the same product, viz., sulphur dioxide, are obtained : 

S + Oj =s SOf. * 

About 0.5 gm. of sulphur is accurately weighed out in a porcelain boat which 
is then introduced into the hard glass tube G (fig. 124). The sulphur is gently heated 
in a current of diy oxygen (which is bubbled through strong sulphuric acid in A for 
drying). The sulphur dioxide formed is absorbed in the previously weighed soda 
lime tubes B. The increase in weight gives the weight of sulphur dioxide produced. 

The method of combustion of sulphur in oxygen is less accurate : a still better 
method is to oxidise equal weights of different forms of sfdphur to sulphuric acid by 
heating with fuming nitric acid and precipitate the sulphuric acid formed as barium 
sulphate by means of barium chloride solution ; the precipitate is filtered, iwhed, 
dried and weighed. Equal weights of barium sulphate are obtained. 1 gm. of 
sulphur yields 7.28 gms. of BaS 04 . 

Hydrides ot Sulphur. — Two important hydrides of sulphur are : 

Hydrogen sulphide^ H,S, a colourless gas, b. p. —60.7® and m. p. —85.6® ; a-itical 
temperature 100.40® and critical pressure 89.05 atm. Solubility in 1 vol. water 
4.37 vob. at 0®, 2.6 vob. 20®. 

Hydroun persttlphide, HgS|, a pale yellow oily liquid, readily decomposed by water 
and alkaBs. 
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Hydrogen Snlphide or Sulplinretted hydrogeoi H2S. 

Occurrence. — ^Hydrogen sulphide is found in volcanic gases and in many spring 
waters. As a product of putrefaction of sulphur-containing ina;^ial, it is present 
in sewer gas^ The unpleasant smell of putrefied hides and rottdi eggs is partly due 
to this gas. The atmosphere usually contains a trace of it, wh^di causes silver objects 
to tarnish owing to the formation of a film of black silver sulphide. 

Laboratory preparation* — Hydrogen sulphide is usually 
prepared in the laboratory by the action of cold dilute sulphuric 
acid (1 vol. acid and 6 vols. water) upon pieces of ferrous sulphide 
taken in a Woulf’s bottle fitted with a thistle funnel and a delivery 
tube — ^the gas is collected by the upward displacement of air. The gas 
may be washed with a little water and collected over hot water, if it 
is not required dry. It may be dried with fused calcium chloride 
or phosphorus pentoxide, (but not with concentrated sulphuric acid which 
is reduced to sulphur dioxide: HaS 04 +H 2 S = 2 H 2 O+SO 2 +S) and 
then collected in dry jars by the displacement of air. 

FeS + H 2 SO 4 = FCSO 4 + HgS. 

Ferrous sulphate is obtained as a by-product. Kipp’s apparatus is used to obtain 
a ready supply of the gas for use in the laboratory. 

Unless dry and free from oxygen, the hydrogen sulphide attacks mercury and 
tarnishes it. 

• Purification. — (i) Besides acid spray, thg gas so prepared always contains 
u>me hydrogen evowed by the action of the acid upon free iron, invariably present 
.*in ferrous, sulphide which is made by fusing iron and sulphur together. The gas 
is freed from acid spray by passing through a saturated solution of sodium hydrogen 
sulphide, NaHS + HGl = NaCl + H,S, ^d from moisture by phosphorus pentoxide, 
and then cooled with solid carbon dioxide, when hydrogen sulphide liquefies and 
hydrogen passes out. 

(ii) The impure gas Ls^ passed into a suspension of magnesium oxide in water, 
when only hydrogen sulphide is absorbed forming magnesium hydro sulphide which 
evolves pure HjS on heating to 60®G. 

MgO + 2H,S Mg(HS), -H H 3 O. 

Pure hydrogen sulphide free from hydrogen is prepared by the action of hot 
concentrated hydrochloric acid upon antimony sulphide. The gas is washed witE* 
water to remove hydr<^loric acid, and dried over phosphorus pentoxide. 

SbjS, -h 6HG1 2SbGl, + 3H,S. 

The purest hydrogen sulphide is best obtained by passing hydrogen and sulphur 
vapour over finely ^ivided hickcl at 450® ; + S % H,S. 

Properties.t~-(i) A colourless, hcavicr-than-air gas, with the 
smell of rotten eggs, hydrogen sulphide is very poisonous in 
concentration above 0.1 per cent ; 

It ^y prove fatal if inhaled for long — ^thc antidote is rrpy much dilute chlorine, 

(ii) It does not support combustion, but it burns with a blue 
flame in excc^ of air or oxygen, giving water and sulphur dioxide ; 
but sulphur is deposited, if the supply of oxygen is limited — hence 
the presmee of sulphur in the gas. The^ gas is also oxidised to sulphur, 
when nuxed with air and passed over heated iron oxide ; 

2H|^ + 30, = 2H,0 + 2SO, ; 2H,S + O, = 2H,0 + 2S. 

I 
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(iii) It is fairly soluble in coM water — the solution is a weak dibask 
add which rpa^cjts with alkali^ giving sulphide and hydrqsulphide : 

H,S+2NaOH =J^a^+2H,0 ; H,S+NaOH NaHS+H,0 , 

Left in contact with air, the solution of hydro^n sulphide becomes turbid due 
to the separation of sulphur by atmospheric oxidation. 

2H,S + O, « 2H,0 + 2S. 

(iv) Hydregen sulphide is a redudng agent : • 

(a) When hydrogen sulphide is passed into chlorine or bromine 
water, or into iodine suspended in water, sulphur is deposited and 
the halogens are reduced to their hydracids : 

Clj + H,S = 2HC1 + S ; I, + HjS == 2HI + S. 

(b) Hydrogen sulphide reduces sulphur dioxide in presence of 
moisture : SOg + 2HgS = 2HgO + 3S. 

(c) Hydrogen sulphide reduces ferric salts to ferrous ssdts ; thus it 
reduces yellow ferric chloride solution into colourless ferrous chloride, 
sulphur being deposited : 2FeClg + HgS = 2FeClg + 2HG1 + S. 

(d) It reduces pink solution of potassium permanganate acidified with dilute 
sulphuric acid to a colourless solution, with deposition of sulphur. It also reduces 
potassium dichromate solution acidih^ with dilute sulphuric add — the orange^red 
colour of the solution turning green, with precipitation of sulphur ; 

2KMn04 + 3H,S04 + 5H,S =.K*S04 + 2MnS04 + 8H,0 + 5S. 

KjCrgOt + 4H,S04 + 3H,S « KjSO* -f Cr,(S04)a + 7Hab + 3S 

(e) Sulphur is deposited when hydrogen sulphide is passed into 
concentrate sulphuric acid, and hence the latter is not used in drying 
the gas. It also reduces nitric acid, sulphur being deposited, and 
hence the add is not used in the preparation of the gas : 

HgSOg+HgS == 2H20+S0g+S ; 2HN03+HgS = 2HgO+2NOg+S 

(v) The gas is decomposed into its elements under the influence 
of electric sparks or when passed through a red-hot tube. 

Metallic sulphides. — I^drogen sulphide is used as a reagent 
in qualitative analysis. The gas precipitates sulphides of many 
met^ with characteristic colours frgm solutions of their salts. Many 
sulphides are precipitated from solutions acidified with dilute 
hydrochloric acid — copper, lead, mercujy and bismuth salts, all give 
black sulphide ; cadmium and arsenic yellow sulphide ; antimony, 
an orange-yellow sulphide ; tin (stannous), a brown sulpUde. 

GuS 04 +HgS HgSOg+GuS HgGlg+HgS = 2HCl+HgS 
GdGlg+HgS == 2HGl+GdS ; SnGlg+HgS = 2HGl+SnS. 

Many sulphides are precipitated only in alkaline solution ; in 
ammoniacal solution zinc salts give a white sulphide ; manmnese, a 
fieshrcoloured sulphide ; iron, cobalt and nickel, all give black sulphide. 

ZnSOg + (NH 4 )gS = ZnS + (NH 4 )gS 04 ; ' 

FeS04 + (NH4)gS « FeS + ; 

Sult^iMcs of alkali metals are soluble in water ; sulphides of 
alks^c^earth metals are sparingly $61ublej| but they react with water 
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giving soluble hydrosulphides : 2CaS+2HaO = Ca(HS)a+Ca(OH)j, 
alununium and chromium sulphides are decomposed by water 
/brming the hydroxide : 

AljS, + OHjO = 2Al(OH), + 3HaS. 

j Metallic Sulphides r 


Soluble in water. Sulphides of ^Insoluble in watcr^ — ^ 

alkali & alkaline earth metals. 

Solube in dil. HGl but insoluble Insoluble in dil. HCl— sulphides 
in ammonium hydroxide — of Hg, Pb, Bi, Gu, Gd, As, Sn 
sulphides of Fe, Go, Ni, Zn and and antimony. 

Mn. 

H2S is generally used as a reagent in qualitative analysis for : 

(i) the identification of metals from the distinctive colours of 
' their sulphides ; 

(ii) the classification of metals into groups according to the 
solubility of metallic sulphides in water, acid and alkali ; and 

(iii) the separation of metals of different groups from a solution 
of the salts — thi^ when hydrogen sulphide is passed into a hot solution 
containing salts of copper^ zinc and sodium^ and acidified with dilute 
hydrochloric acid, only black copper sulphide precipitates which 
is separated by filtration. On passing HsS into the filtrate, made 
alkaline with ammonia, white zinc sulphide precipitates, the sodium 
salt remains in solution. 

Tests. — ^Hydrogen sulphide is realised (i) by its smell of rotten eggs, (ii) in 
its staining silver coin black due to formation m a film of silver sulphide, (iii) by 
its turning lead acetate paper black due to the formation of lead sulpmde, 
Pb(GHtCOO)i + H,S = PbS + 2GHsGOOH, and (iv) by the production of 
purple colour with alkaline sodium nitroprusside solution — alkali sulphide solution 
(but not free hydrogen sulphide) responds to this test. 

The presence of sulphide in insoluble sulphides is detected by reduction with 
nascent hydrogen (heating the sulphide with zinc and strong hydrochloric acid) 
when hydrogen sulphide evolves, which turns lead acetate paper black. Alternatively, 
the sulphide is fus^ with sodium carbonate and the mass extracted with water-^the 
extract gives a purple colour with sodium nitroprusside solution. 

Hydrogen sulphide may be prepared in the laboratory by heating an intimate 
mixture of sulphur, parafto and shredded asbestos, 

AlHiorbent. — An acidfc gas H 9 S is absorbed by the caustic alkalis, NaOH and 
KOH ^ lead nitrate solution also absorbs the gas. 

Pb(NO,)t + H,S = 2HNO, + PbS (black precipitate). 

CiOSii|Mia£tioii. — ^The formula of hydrogen sulphide is determined by heating 
tin or copper foil in the gas ; KgS + Sn » + SnS. 

A thumb-tube (fig. 97) is filled with mercury and inverted over mercury in a 
trough. A few c.c. of pure and dry hydrogen sulphide is introduced in the tube, 
and a pitee of ^ ii placed in the horizontal portion of the tube. The bit of tin is 
heated, when it reacts with hydrogen sulphide, forming tin sulphide and lUmadng 
hjfSrogm^ The apparatus is allowed to cool. The mercury is found to stand at the 
same level as befora. Hence, the volume of hydrogen liberated is equal to the volume 
of hydrogen sulphide decomposed, or fydrogm udphtdo coniains its om voUms qfl&(kogt^ 
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1 C.C. of hydrogen sulphide contains 1 c.c. of hydrogen. 

1 molecule of hydrogen sulphide contains 1 molecule of hydrogen. 

(Avogadro’s hypothesis) 

its formula is HgSx. The vapour density of the gas is 17, and hence the 
mol. wt. 34. 

2x1+ 32x 34, or x » 1. The formula is H^S. 

When dry hydrops sulphide is sparked in a graduated tube over mercury (fig. 95), 
it decomposes into hydrogen and solid sulphur without any change in volume, and 
hence contains its own volume of hydrogen. 

, bzldes and oayacids of snlplmr. — ^Two important oxides of 
sulphur with their corresponding oxyacids are : 

Sulphur dioxide, SO 2 Sulphurous acid, H 2 SO 3 . 

• Sulphur trioxide, SO3 Sulphuric acid, H3SO4. 

Sulphur diosddey SO 2 b.p. —10.0® ; m.p. *—72.7® ; critical 
temperature 157.2®. Solubility in water, 45 vols. in 1 vol. H 3 O at 
15®G. 

Hletory, etc. — ^Horner (900 B.G.) mentions the use of burning sulphur in 
fumigation. Priestley (1774) obtained the gsu by heating merctry with concentrated 
sulphuric acid. The gas is found in volcanic gas, and in some springs of volcanic 
districts, and also in the atmosphere of the manufacturing towns where it originates 
from the combustion of coal. 

Laboratory Preparation. — ^I'he gas is prepared in the laboratory 
by reducing concentrated sulphuric acid with 
copper. Copper turnings are taken in a flask 
(Fig. 117) fitted with a thistle funnel and a 
delivery tube. Concentrated sulphuric acid 
is poured down the funnel to cover the copper, 
and the flask is then slowly heated till sulphur 
dioxide is evolved with effervescence. The 
gas is collected by upward displacement of air. 

It may be dried by concentrated sulphuric 
acid, calcium chloride or phosphorous 
pentoxide, and collected over mercury. 

2 H 1 SO 4 -f- Cu = CUSO 4 + 2 H 3 O -+ SO 3 . 

Concentrated sulphuric acid may also be reduced 
to sulphur dioxide by heating with mercury, silver, 
sulphur or charcoal. Fig* 117 

Hg+2H,S04 « HgS04+2Ha0+S0, ; 2Ag+2H,S04 « ^,S04+2H40+S0|. 

S+2H,S04 « 3S0t+2H,0 ; C+2H,S04 - 2S0,+2H,0+G0g. 

The gas is readily obtained without heating by dropping concentrated sulphuric 
acid into a solution of sodium hydrogen sulphite : 

NaHSOs + H 4 SO 4 « NaHS 04 + H,0 + SOf. 

Indoatrlal prmnUioii.— Sulphur dioxide is obtained industrially by bumiag 
sulphur in air. The gas is dissolved out from the products of combustion by a 
descending stream of cold water in a tower. The sulphur dioxide is boiled out of 
me resulting solution, dried refngention and concentrated sulldsuric add, liquefied 
under pressurUi and stored in steel cylinders. f 
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It may ako be obtained by roasting sulphide minerals, such as iron pyrites^ copper 
pyrites, and zinc Uende, or spent iron oxide. 

4FeS, + llOi » 2Fe,Os + 850. ; 2ZnS + 30. » 2ZnO + 2SO.. 

The gas (mixed with GO. and nitrogen) is obtained now-a-days by heating gypsum 
with day, sand and coke, and is used for making sulphuric add. 


Properties* — (i) A colourless, heavier-than-air gas with a choking 
smell cf burnt sulphur, sulphur dioxide is easily liquefied by pressure 
(2.5 atmosphere at 15^) or by cooling in a fireezing mixture. 



r 

gaf, and for refining petroleum. 




The gas is dried by 
passing through concentrated 
sulphuric acid and then 
condensed to a colourless 
liquid in a tube (fig. 118) 
cooled in a freezing mixture. 
It is also liquefied by a 
pressure of 2.5 atmospheres 
at 15^ The liquid is a 
non-conductor of electric 
current but is a good solvent 
for substances, such ^ as 
sulphur, phosphorus, iodine, 
resins and some salts^ like 
potassium iodide. The liquid 
is kept in iron cylinders and 
is used as a source for the 


(ii) An incombustible gas, it does not support the combustion of 
hydrogen or a taper, but heated potassium, tin, iron, and magnesium 
burn in the gas. 4K + 3SOg = K2SO3 + K2S3O3 (potassium 
^osulphate). 

(iii) It is highly soluble in water — ^thc solution smells strongly of 
the gas and is acidic due to the formation of unstable sulphurous acid, 
H2O + SO2 ^ H2SO3, known in solution only — the acid is dibasic and 
forms acid sulphites^ also called bisulphites, such as NaHS03, and 
normal sulphite^ such as NasSOs. The sulphur dioxide is expelled 
from its solution by boiling, c 


(iv) An acidic oxide, it is absorbed by alkalis to yield bisulphites 
smdsidphites ? 

NaOH + Sd, = NaHS03 ; NaHS03 + NaOH =* Na2S03 + H,0. 

(a) Crystals of normal sodium sulphite is obtamed as follows : — solution of 
sodium hydroxide is made into t^ equal parts—one portion is saturated with sidphur 
dioxide to yield sodium bisulphite solution. This is added to the remaining portion 
of so^um hydroxide solution, and the liquid evaporated, when crystsls m sodi\im 
sulphite, Na.SO., 7H.O separate on cooling. 

Sodium bisulphite solution is add in reaction, while sodium sulphite solution is 
slightly alkaline due to hydrolysis : 

^ HSO,' 6, H+ + SO/ ; NaiSO, + H,0 a^NaHSO, + NaOH. 

f Idsidi^te is known, in solution only— 'the solution on evapcntkn in, 

utefufaHt qI e«tm wlfdiw. dnxide yield. Ndium^-metoblinihihit., NaAO.. uMd . 
S 2NaHS0tf> Na«S,Oi 4* H,0> 
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Sodium carbonate solution reacts similarly, yielding sodium 
bisul|.hite> which then reacts with more sodium carbonate to Ibim^ 
sodium sulphite : Na8C0a+H*0+2S08 = 2NaHSOs+COg. . ^ 

2NaHS03+NaaC0a = 2NaaS03+C0a+H20. 

(b) Sulphur dioxide turns lime water milky due to the formation 
of insoluble calcium sulphite, which dissolves (and hence the milkiness 
disappears) in excess of the gas, yielding calcium bi-sulphite : ^cf« 
CX!)a*). Milk of lime reacts similarly, yielding calcium bi-sulphite. 

Ca( 0 H)a-t-S 0 ,=CaS 03 +H 30 ; CaS03+H30+S0a=Ca(HS03)3. 

Both COa and SO^ turn lime w’ater milky. Hence to detect carbonate in presence, 
of sulphite, the solid mixture is treated with dilute sulphuric acid and the evolved^ 
gases passed *nto a tube containing an acidified (with dilute sulphuric acid) solution 
of potassium dichromate which turns green and the SO, is removed at the same time 
-—the residual gas which is CO,, turns lime water milky. 

(v) It is a reducing agent, — A solution of sulphur dioxide or sulphite 

slowly absoibs oxygen from the air to form sulphuric acid, the 
reaction is catalysed by trace of copper or iron salts. Chlorine, 
bromine or iodine oxidise it immediately to sulphuric acid. • 

2HaSOj+Oa =2H3S04 ; Cla+S02+2Ha0 =HaS04+2HCl. 

It decolorises an acidified solution of potassium permanganate by 
reduction. It reduces an acidified solution of potassium dichromate, 
the colour of the solution char^ging bom orange-yellow to green. 

2KMn04+5S02+2Ha0 = KaS04+2MnS04+2HaS04. 

KaCra07+3S0a+H2S04 = K2S04+Cr2^S04)3+Ha0. 

Sulphur dioxide is readily oxidised by hydrogen peroxide : 

HaOa + HaSOj = HaO -f HaS04. 

Sulphur dioxide liberates iodine from an iodate, but the iodine is 
decolorised with excess of sulphur dioxide ; 

2KI08 + 5SOa + 4HaO = la + SHaSOa + 2KHSO4. 
la + SOa + 2H2O = 2HI + HaS04. 

It reduces fen ic salts to ferrous salts : 

2FcCla + SOa + 2HaO = 2FeCla + 2HC1 + HaSOa. 

(vi) Oxidising action of sulphur dioxide, — Tt oxidises moist hydrogen 
sulphide to sulphur : 2H2S + SOa = 2HaO -h 3S. • 

Sulphur dioxide oxidises white-hot coke to carbon dioxide — tlsr reaction is used 
to recover sulphur from waste gases containing sulphur dioxide. In strongly acid 
solution sulphur dioxide oxidises ferrous chloride : * 

SO, + C = CO, + S ; 4FcCl, + 4HC1 + SO, = 4FcCl, + 2H,0 + S. 

(vii) Sulphur dioxide possesses bleaching properties in presence of 
moisture. Moist coloured flowers are bleached colourless by sulphur 
dioxide, but not the dry flowers. Magenta solution is decolorised by 
the gas, but not litmus. The bleaching is due to the reduction of the 
colours to colourless compounds by nascent hydrogen, thus : 

Colouring matter + HaO ,+ HaSO, Colourlqa ro^uction product 4-HaSO«. 

20 
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Itttikdbliig p r ope r dm of' oidninir dioxide luidi ^lofliie.-^(a) ^tdpkut dioxide 
fy fedvcmn (cf. ^dpnnemhm bleaches mpresence t^moUttire by oxidatiex)- 

(b) Sulphur dioxide is a mUder bleaching agmbihan cklormy and bcnce delicate fabrics, 
such as wool, -silk, straw for,, hats, etc., whicli are likely to be injured by chlorine, 
are bleached by sulphur dioxide. 

(c) The original colour of fabrics bleached by sul^lhiif . dioxide may sometimes 
be restored^ on exposure to air, by the oxidising action of air and light, but the bleaching 
aetion pf chlorine is always permanent, 

(tdHj When heated to 150® in a sealed tube, a solution of 
sulphuorus acid deposits sulphur, showing the presence of sulphur 
in sulphur dioxide : 2HaSOa + SO 2 = 2 H 2 SO 4 + S. 

(ix) Sulphur dioxide reacts with heated lead dioxide and sodium 
peroxide, yielding metallic sulphate : 

PbOa + SO2 = PbS04 ; NagOa + SO2 = NaaS04. 

(x) Sulphur dioxide reacts with oXygcn in the presence of heated 
platinum, yielding sulphur-trioxide, and with chlorine in bright 
sunlight or in presence of charcoal, giving sulphutyl chloride. 

2SO2 -f O2 ^ 2SO3 ; SO2 + CI2 = SOj^Cla. 

Composition* — The composition is determined both volumetrically and gravi- 
metiically, exactly in the same way as for carbon dioxide — only sulphur is being 
burnt in oxygen instead of charcoal. 

• 

Toots* — (i) The gas is detect^ by its smell of burnt sulphur, (ii) A piece 
of paper soaked in acidified solution of pot^sium dichromate is turned green by 
sulphur dioxide, (iii) Any sulphite or bisulphite, on treatment with dilute 
h)xlrochloric or sulphuric acids, liberates sulphur dioxide, which may be recognised 
as above. 

(iv) With barium chloride solution a sulphite solution gives a white precipitate 
of barium sulphite, soluble in hydrochloric acid (BaS 04 is insoluble)— oxidising 
agents such as chlorine or bromine water precipitates barium sulphate from the 
solution : 

BaSO, + HjO + Br, = BaS 04 + 2HBr. 

Uaea* — (i) In the manufacture of sulphuric acid, in the refining of sugar and 
kerosene oil, and for^bleaching delicate materials such as wool, silk and straw ; (ii) In 
the preparation of sodium and calciunv bisulphites, both used for paper-making, and 
sodium metahisulphite, used in photography ; (iii) Sulphur dioxide has antiseptic 
properties and is used in fumigation and in preserving fruits ; (iv) Liquid sulphur 
dioxide is a refrigerant ; (v) The gas is also used as an antichlor in removing excess 
chlorine from bleaclied materials. 

« 

Abxotfbent*— An acidic oxide, SO, is absorbed by the alkalis, NaOH and 
KOH. 

Thlonyl ^iloride, SOGli, is made by passing sulphur dioxide over ]:)hosphoru8 
penta chloride : 

SO* -I- PCI* « soci, -I- poa* 

This is a colourless liquid, b. pt. 78®, and is separated from phosphorout 
oxychloride b. pt. 107® by fractional distillation. It fumes in moist air and is readily 
hvdcolysed by water, forming sulphu^us and hydrochloric acids : 

" soa* + 2HOH « H,SO» ri- 2HCa. 
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' Sulplw trioxide, <xr sulphui^ iAl^diidft, S(^, is prepared by passing a h 

of sulphur dioxide and ah: or oxygen over pliAinised asbestos heated to 450" in a gla^> 
tube and oollecting the trioxide in a receiver cooled in freezing mixture : 


2SOa + Ot%2SOi. ‘ 


It may also be obtained by heating ferric sulphate or pyito-sulphuric acid, HaSaO,, 
or by distilling concentratea sulphuric acid over phosphoruous pentoxide : 

Fca(S 04 )a “ 4" 3SOa i HaSaOj = HaSOa + SOf 

HaSOa + PfO* * 2HPO, + SO,. ^ 

Sulphur trioxide exists in two forms : a-sulphur trioxide, colourless needles, 
m.p. 17", and j9-sulphur trioxide, an asbestos-like solid, which sublimes at 50". The 
a-form transforms into the /3-form on keeping in presence of moisture. 

It fumes in moist air, and reacts violently with water, forming sulphiuic acid, 
and pyrosulphuric acid, also called oloiun* 

SO, + H,0 — HjSOa ; 2SO, + H,0 *= H,S,07 (oleum). It directly unites with 
basic oxides, forming sulphates. NajO + SO, « Na,S04 ; BaO SO, » BaS04. 


Sulphuric Acid, VitriiJ . H2SO4 

History.— The acid was obtained by the medieval alchemists who called it« 
<nl of vitriol, by distilling green vitriol and absorbing the vapours in water. 

2FeS04 = Fe,0, + SO, + SO, ; 30, -f H,q « H,S04. 

The acid was used to^ be made in the IStli century by burning sulphur and nitre 
in a deflagrating spoon under a glass bell-jar standing over water. The lead chamber 
process has been developed empirically out of, this 18th century practice. The 
chamber process is being gradually displaced nowadays by the comparatively young 
contact process which developed late in the 19th century, maMy due to the efforts 
of German technologists. The importance of sulphuric acid in the industry life 
of a country is unecpiallcd by that of any other chemical commodity. 


Manufacture. — Sulphuric acid is manufactured from sulphur 
dioxide by : ^i) the lead chamber process, and (ii) the contact 

process. 


The lead chamber process. — ^The principle of the chamber 
process is the oxidation of moist sulphur dioxide by the oxygen of air 
in presence of oxides of nitrogen which act as a catalyst. An 
intermediate compound nitroso-sulphuric acid, HO.SO2.ONO, is 
formed by the interaction of sulphur dioxide, oxygen, oxides of nitrogen 
and water ; the nitroso-sulphuric acid is readily decomposed by water 
into sulphuric acid and oxides of nitrogen, which react again : 

2 SOa+ N2O3 + O2 + H2O = 2 HO.SOa.O.NO. 

^ 2HO.SO2ONO + HaO = 2 HO.SOa.OH -f-NaOj. 

An alternative mechanism suggests that nitrogen dioxiSe oxidises sulphur dioxide 
to sulphur trioxide which with water yielch sulphuric arid — ^thc resulting nitric oxide 
is reoxidised by atmospheric oxgrgcn to nitrogen dioxide, which reacts agrin ; 

SO, -f NO, + H,b « H,S04 + NO ; 2NO + O, « 2NO*. 

The process is worked as follows. Sulphur dioxide is xiiade by 
roasting iron pyrites, FeSa, zinc blende, ZnS or elementary sulphur in 
a current of air in hiumers B. 

4FcSa + IlOa + SSO* ; 2ZnS + 30g ^ 2ZnO + 2Sd» 
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The burner gases (fig. 119) containing atout 8 per cent sulphur 
Jitoxide, 10 per cent oxygen and the rest nitrogen, pass through a 
•“oitre^ven N, where oxides of nitrogen are supplied by d i st i lling a 



Fig. 119 

Buxture of sodium nitrate anu strong sulphuric acid from nitre pots 
and then through a daati^htdser, K, containing bafile-walls, where 
the suspended dust deposits. 

In modern plants oxides of .nitrogen are supplied by catalytic oxidation of 
ammonia. * 

^rom the dust-catcher the hot gases at about 300®-400® pass into 
the Glover tower, G — a. lead tower lined with acid-resisting bricks 
and packed with flints down which are sprayed two streams of acia ; 
(i) the dilute chamber acid and (ii) tlie nitroso-sulphuric acid formed 
in the Gay-Lussac tower. 

The Glover tower serves (i) to cool the burner gases to about 
50® to 60® before entering the chambers, (ii) to concentrate the dilute 
chamber acid (65 — 70% acid; to about 78 per cent HjSO^ for sale or 
for use in the Gay-Lussac tower, (iii) to decompose the acia from the 
Gay-Lussac tower by the water in the dilute chamber acid so as to- 
release the oxides ^f nitrogen which are returned to tlie chamber with 
the burner gases. • 

2HO.SO,.O.NO + HjO = 2HO.SO,.OH -|- N,0,. 

Bendes, about 25 per cent of the total yield of the acid is formed in the tower. 
Hence the modem trend is to replace the chambers by a number of towers, called 
mection towers. * 

The 78 per cent concentrated acid is collected at the base of the 
<3over tower. 

From the Glover tower the gases enter, by a lead main, a set 
of lead dbuaxnbers, I, II, and III made of sheet lead welded together 
by oxy-rhydrogen flame. Water is sprayed from the top of the 
chamben and dilute (65 to 70 per cent) sulphuric acid, form^ by the 
interaction of sulphur dioxide, oxygen, oxides of nitrogen and water,- 
effects on the floor of the chambers whence it is withdrawn and 
puinped to the top of the Glover tower fisr concentration. The 


SULPHUR AifD ITS GOIIPOUND8 


S» 

Strength of the chamber acid is kept at 65 to 70 per cent H 2 SO 4 
regulated supply of water — still sti^onger acid attacks lead and also 
absorbs oxides of nitrogen, yielding nitroso-sulphutic acid, called 
chamber crystals. The chamber crystal may however be 
decomposed by admitting water in the chambers. 

The gases from the last chamber, containing the valuable oxides 
of nitrogen, are led in the Gay-Lussac towcr^ Gl, a lead lined tower^ 
packed with coke, down which flow’s a stream of 78 per cent Alphuric 
acid (from the base of the Glover tower) which absorbs the oxides of 
nitrogen as nitroso-sulphuric acid. The acid collected from the base 
of the Gay-Lussac tower is pumped to the top of the Glover tower for 
denitration — the oxides of nitrogen are returned to the chambers, 
and the cycle of reactions is repeated. The waste gas from the 
Gay-Lussac tjwer passes to a chimney which maintains a draught 
through the plant. 

Goncentratioa of chamber add. — Chamber acid contains about 65 to 70 per 
cent sulphuric acid. It is usually concentrated to 78% H,S 04 by passing through 
Glover tower. It may also be concentrated by evaporation in lead pans to 78% 



H^SOt after which lead rapidly dissolves in the hot acid. The 78 per cent add 
is known as brown oil of vitriol or B.O.V. Stronger add, 95% H 4 SO 4 is made 
by concentrating the B.O.V. in a current of hot air swept over its surface. 

In the cascade process (fig. 120) the add is allowed to flow do^^P a series of basins, 
made of silica or ferrosilicon such as duriron and Umtifon, arranged one below the other, 
with the lip of one discharging into the basin next lower. The bshins, resting on a 
staircase of acid-resisting bric^, are heated by a coke fire,*- and hot air sweeps over 
the surface of the acid. The concentrated acid, 96 per c&it, b obtained from the 
last basin. It may be concentrated up to 98 per cent sulphuric acid by heating in 
in cast iron pans by direct fire. The strongest acid does not dissolve cast iron but 
the 95% acid does, and hence the latter is mixed with a bulk of 98% add during 
concentration. The 98% add may be brought to any desired strength by adding 
oleum ; i.e., sulphuric add containing free sulphur trioxide. The sulphuric acid ts 
generallj stored in stoneware bottles,^ 

Purification of chamber acid. — Commercial sulphuric acid contains lead 
sulphate, arsenious oxide (derived from arsenic in pyrites) and oxides of nitrogen 
as impurities. The metals are removed by diluting the acid to 60 per cent (when 
lead sulphate, insoluble in dilute acid, separates) and treating with hydrogen sulphide 
in lead tower— the insoluble sulphides of lead and arsemc are filtered off. The 
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is then distilled with a little auukionium sulphate which decomposes oxides 
of nitrogen : 

(NH*),S 04 + NjO, = 2Nt + HaS04 + 3HaO, 

Water, nitr<wen, etc. distil in the beginning — ^the distillate towards the end is 
98% H 1 SO 4 which may be made up to 100% by adding oleum. 

Laboratory illustratioii of chamber process. — A large dry 
flask A ^fig. 121) is fitted with a cork through which pass four long 

inlet tubes, almost 
reaching the bottom, 
and a short outlet tube 
which acts as an exit. 
The flask is connected 
with three Woulfe’s 
bottles containing 
concentrated sulphuric 
acid, through which 
SO 2 , NO and Oj can be 
passed, and the flask B 
containing hot water. 
The four inlet tubes 
are meant for carrying 
inside the flask : (a) 
sulphur dioxide pro- 
duced by heating 
copper turnings with concentrated sulphuric acid, (b) nitric oxide 
obtained by the action of dilute nitric acid upon copper turnings, 
tc) oxygen or air from hand bellows and (d) steam. As a result of 
interaction among sulphur dioxide, nitric oxide, air and steam sulphuric 
acid is formed, which collects in the flask. 

At first a stream of oxygen is passed into A, and then NO (which forms red fumes 
with the oxygen) and next SOf are admitted, and finally water vapour by bubbling 
oxygen through hot water in B. White colourless crystals of nitrososulphuric acid 
deposit on the walls of A. On admitting steam the crystals dissolve forming sulphuric 
add and red oxide of nitrogen. 



2SO, + NO + NO, + O, + HP =. 2HO.SO,.O.NO 
2H0.S0,.0.N0 + H,0 » 2Hp.SO,.OH + N,0,. 

The contact process. — ^The process 
consists in brin^g about the combination 
of sulphur dioxr^ and oxygen (in the form 
of air) to forcfi sulphur trioxide by contact 
with a catalyst dtnd the subsequent 
conversion of the sulphur trioxide into 
sulphuric acid. 

(i) The formation of sulphur trioxide, 
as shown by the equation : 

2 SO 2 + Oa ^ 2 SO 3 + 45,000 calorics, 

is an exothermic reversible reaction, and 
if therefore favoured at low temperature 
But ft low temperature the rate of formatic"^ 
siuphur trioxide is to^ slow. Hence 





Fig. 122 

reaction is carried out 
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at an optimnm temperature of 450°C such that the speed of tfa^ 
reaction is not too slow, nor the yield of sulphur trioxide too low. 

The decomposition of trioxide becomes 
increasingly greater as the temperature 
rises. For a burner gas composition, 7 p.c. 

SOi, 10 p.c. O 2 and 83 p.c. Nt by volume, 
the percentages of SO* oxidised to SOa at 
different temperature am : 434® 99 ; 550® 

85 ; 740*’ 60. 

^ii) A catalyst such as platinised 
asbestos^ vanadium pentoxide^ platinised 
silica gely is used to hasten the 
attainment of the equilibrium state at 
the comparatively low optimum 
temperature. 

Platinised asbestos is prepared by gently 
heating asbestos soaked in ammonium 
platini-chloride. The platinum salt decom- 
poses and deposits a residue of finely divided 
platinum. 

.(NH4),PtCl, » 2NH, + 2HCI + 2Cla + Pt. 

(iii) Excess of oxygen ensures 
complete conversion of sulphur 
dioxide to sulphur tiioxide. 

^iv) The catalyst loses its activity 
due to ^ poisoning^ Dy aisenious oxide, 
sulphuric acid mist, and dust, etc., 
which arc present in the burner gases, 
and hence the necessity of removing 
these impurities from sulphur dioxide 
before it enters the contact chamber. 

Sulphur dioxide is produced by 
roasting iron pyrites or sulphur in a 
current of air in burners 1 (fig. 123). 

The gases from pyrites burner (1) 
containing about 8% sulphur dioxide, 

10% oxygen and the rest nitrogrih, 
arc carefully purified by passing in 
succession through : 

(i) a dust chamber 2, where the 
gas is cleared of its dust and iron 
oxide cloud, (ii) a lead tower 3, meeting 
a fiow of concentrated sulphuric 
acid, which removes the arsenious 
oxide and also cools the gas somewhat, 

(iii) water-cooled lead coils 4 where 
the gas is c5oled to room temperature, 

(iv) coke filters 5 to remove chlorine (present as HCl) and to arrest 
acid mist, (v) a drying tower packed with coke down which 93 p,c. 
sulphuric acid is flowiiig^ The purified and dry gas must hc opMUj 
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clear ^ i.e., no fog is visible when a beam of light is sent through it in a 
chamber 7. The gases are finally Ibdjvia heaUinterchanger 8 where 
they are preheated by the hot sulphur^ trioxf&e and nitrogen leaving 
the converter, into an iron cylinder, called a converter 9, (also fig. 122) 
fitted inside with vertical iron tubes packed with platinised asbestos. 
The incoming gases circulate round the hot tubes and then pass down 
them when sulphur dioxide is converted into sulphur trioxide. ^ The 
catalyst is kept at the optimum temperature of 450®. Since the reaction is 
exothermic, no external heating is needed after once the reaction has 
been started. 

The sulphur trioxide leaving the converter, is absorbed in 98 per 
cent sulphuric acid in the tower 10. SO 3 + HgO = H 2 SO 4 . Absorption 
of sulphur trioxide in water alone results in the formation of mist of 
droplets of acid. The strength of the absorption acid is kept at 98 per 
cent by regulated supply of water or dilute sulphuric acid. 

If no water is added, sulphur trioxide dissolves in sulphuric acid, 
yielding faming sulphuric acid or oleum^ i.e., sulphuric acid 
« containing dissolved SO3. 

Commercial strength of oleums are 15, 20, 30, 45, 60 and 65 per cent free SOf. 
Sulfan 's 100 p.c. oleum.« 

Gonmarlsoa of chamber and contact adds. — (i) The chamber acid contains 
about 65 to 70 per cent of sulphuric acid; still stronger acid is obtained by special 
methods of concentration. The contact process directly produces 100 per cent 
sulphuric acid and, oleum, (it) The chamber acid is imptvre and contains arsenic, 
'soui'ce being iron pyrites. The contact acid, on the other hand, is pure since the 
use 6f catalyst necessitates the purification of burner gases, and is particularly free 
. fi^om arsenic, and hence suitable for use in the preparation of edible producu and 
for filling accumulators, (tit) The weak chamber acid is suitable for use in the 
manufacture of salt-cake, super-phosphate, ammonium sulphate and alum ; the 
concentrated contact acid is used in the refining of petroleum, in synthetic dye and 
drug industries and in explosives. 

The choice of the process, therefore, largely depends on the use of the acid. The 
contact process is rapidly displacing the climber process. 

The advantages of the platinum catalyst are : (i) 90 p.c. of the metal may be 
recovered, (ii) operating cost is less, as there is heavy royalty charge for vanadium 
catalyst, and (iii) initial capital cost of the plant is less, as it handles higher sulphur 
dioxide (8 to 10 p.c.)«content gas. But its greatest drawback is that it readily gets 
poisoned and its activity declines with ute — ^the life of the catalyst u consequently 
shorter. 

Vanadium catalyst is immune to poisoning and hei^^ketains its activi^ for 
a longer period thah platinum. It gives little trouble during operation ; its initial 
cost is also less. But the vanaduium mass handles a lower sulphur dioxide (7 to 
8 p.c.) content gas, and it has no salvage value when once worn out. The platinum 
contact mass b ^ing rapidly displaced by vanadium catalyst. Vanadium i^ntoxide 
contact plant works in severed places in India, c.g., Tata Iron and Steel Works at 
Jamshedpur, Burma Oil Company at Digboi, and Bengal Chemical and 
Pharmaceutical Works at Calcutta. 

Sometimes sulphur dioxide (mixed with CO*) for making HjSOi by contact 

E rocess is obtained by heating a mixture of gypsum, coke, sand and clay in a rotary 
iln, the residue being cement clinker of c^cium silicate and aluminate. 

2GaS04 + G -H (xSiOa + yAljO,) 2SO, + CO, + (2GaO, xSiO„ yAl»0,). 

' Properties of sulplraiic add* — (i) Pure sulphuric acid is a 
heavy ^deasity 1.838 at 15®), colourless, oily liquid which freezes at 



SULPHUR AND ITS COMPOUNDS 


313 


10.4®. It dcGoitiposes.at its boiling point, yielding dense white fumes 
of sulphur trioxide, H 2 SO 4 SO 3 + H 2 O and forming a constant 
boiling mixture of 98.33 per cent sulphuric acid and water, boiling 
at 338®. 98 p.c. acid has a sp. gr. of 1.84. 

(ii) Pure acid is a very poor electrical conductor but in aqueous 
solution it is a good conductor p£ heat and electricity. 

(iii) It decomposes into sulphur dioxide, oxygen and water vapour 

when dropped on heated pumice stone (p. 179). ® 

2HaS04 = 2HaO + 280* + O*. 

The mixed gases are passed through ; (i) a U-tube (kept in cold water) in 
which liqiud drops condense — the liquid is recognised to be water by the biue colour 
it gives with anhydrous copper sulphate and hence the presence of hydiogen in 
sulphuric acid, and then a (ii) second U-tube (cooled in freezing mixture) in which 
sulphur dioxide condenses to a liquid and oxygen passes out. Sulphur separates 
when an aqueous solution of the sulphur dioxide is heated to 150^ in a sealed tube. 
These experiments show that sulphuric acid contains hydrogen, wlpkur and oxygen^ 

(iv) AflFinity for water. — Miscible with water in all proportions, 
concentrated sulphuric acid has great af&nity for water. Much heat 
is evolved when the acid is mixed with water, forming the hydrates : 

H 2 SO 4 , HaO ; H 2 SO 4 , 2 H 2 O ; and H 2 SO 4 , 4 H 2 O. 

The great affinity of concentrated sulphuric acid for water is shown by its 
dehydrating action upon formic and o;ealic acids, alcohol, sugar and starch — sugar 
and starch are charred by the acid with separation of carbon. • 

GisHjiOu (sugar) - llHjO « 12G ; HGOOH (formic add) - H,0 

Goncentrated sulphuric acid is used for drying gases such as oxygen, nitrogen, 
sulphur dioxide and chlorine on which it does not act chemically, 

(v) Add properties. — In aqueous solution sulphuric acid behaves 
as a strong acid, since it is highly ionised. H 3 SO 4 ^ H+ + HSO 4 ' ; 
HSO 4 ' H+ + SO 4 ®. Ionisation takes place in two stages. A 
dibasic acid it forms add and normal ^Its, such as NaHS 04 and Na 2 S 04 . 

Dilute sulphuric acid usually reacts with all metals (exept lead) such as iron, 
magnesium, zinc, etc. standing above hydrogen in the electro-chemical series (p. 1 30) 
liberating hydrogen and a salt of the metals but metals such .as mercury, copper 
and silver standing below hydrogen in the series are not attacked by cold dilute sulphuric 
add. 

H,S04 + FcaPil, + FCSO4 ; Mg + H,Sp4 - H, + MgS04. 

• 

At the ordinary temperature it liberates carbon dioxide from carbonates and 
neutralises alkalis. At higher temperature sulphuric add displaces the stronger 
nitric and hydrochloric acids from their salts, since it is less vplatile than these adds : 

Naa -f- H,S04 % NaHS04 + HCl ; NaNO, -f- H,S04 fe? NaHS04 + UNO,. 

(vi) Oxidising properties. — ^Hot concentrated sulphuric acid is 
an oxidising agent, and dissolves many metals such as zinc, lead, silver, 
mercury and copper, standing both above and below hydrogen in the 
electro-chemical series, yielding sulphur dioxide, water and a salt of 
the metal : Pb + 2 HaS 04 = PbS 04 + 2HaO + SO*. 

Hot concentrated sulphuric acid oxidises sulphur to sulphur dioxide, 
carbon to carbon dioxide and phosphorus to phosphorous acid. 
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H^POs. It also decomposes HBr and HI 9 libciating bromine and 
iodine respectively. 

S+ 2 HaS 04 = 2Ha0+3S02 ; C+ 2 HaS 04 = 2H20+C0a+2S02 ; 
2HBr+HaS04=2H20+Br2+S0a ; 3 HaS 04 + 2 P = 2H3PO8+3SO2. 

(vii) Electrolysis of sulphutic add under different conditions 
may yield the following products : (a) hydrogen and oxygen (p. 10 ), 
^b) ozonised oxygen (p. 203), and (c) perdisulphuric acid (p. 213). 

Tests. — ^Heated with copper turning!;, concentrated sulphuric acid evolves 
sulphur dioxide, recognisable by the smell of burning sulphur. With barium chlorde 
solution dilute sulphuric acid gives a white crystalline precipitate of barium sulphate, 
insoluble in concentrated hydrochloric acief. 

BaCl, + H*S04 = BaS04 + 2HC1. 

A small quantity of a sulphate, ZnS04 for example, is fused on charcoal with 
sodium carbonate — the fused mass is then treated with dilute HCl and covered with 
a lead acetate paper which turns black. The reaction depends upon the formation 
of sulphide : ZnS04 + 4G = ZnS + 4CO. This test detects sulphur in a sulphate. 

Uses. — Sulphuric acid is used in innumerable chemical industries—its consump- 
tion is indeed an index of industrial progress of a country. It is used (i) in 
the manufacture of hydrochloric and nitric acids, paints, pigments, dyes, glue and 
explosives, (ii) in the preparation of alum, fertilisers such as ammonium sulphate 
and superphosphate of lime, glucose from starch and (iii) in steel-pickling and 
galvanisation, in the refining of petroleum, in the parting of gold and silver, in textile 
ind*sstry, and in storage batteries — ^to mention but a few applications of the acid. 
Oleum is used in^sulphonation reactions in organic chemistry. 

4rh« cliloridca of salphuric acid. — ^By the af!tion of phosphoras pentachloride 
on concentrated sulphuric acid one or both hydroxyl groups may be replaced by 
chlorine, forming chlorosulpkonic acid and sulphuryl chloride : 

SO,(OH), -f- PGI4 = SO,(OH)Gl + POGl, + HGl. 

SO,(OH)Gl + PGI5 = SOaGl, + POCl, + HGI. 

They are liquids, and may be separated by fractional distillation, since they have 
widely different boiling points ; POCl,, 107.2*» ; S04(0H)G1, 15P ; SO.Glj, 69.^ 
The chlorides of sulphuric acid are colourless fuming liquids which are decomposed 
by water into sulphuric and hydrochloric acids : 

SO,(OH)Gl + H.OH « S02(0 H)j + HGl. 

^ SOjGla -h 2H.OH = SO,(OH), + 2HG1. 

Chlorosulphuric acid is obtained on^ large scale by passing dry hydrogen chloride 
through fuming sulphuric acid (containing SO,), and distilling : 

. SO, + HGl = SO,(OH)Gl.‘ 

Sulphuryl chjoride is prepared by direct union of chlorine and sulphur dioxide 
in presence of sunlight or animal charcoal ; SO, + Cl, = SO,Cl, ; also by heating 
chlorosulphonic acid in •presence of mercuric sulphate which acts as a catalyst : 

2SO,(OH)Cl = SO,Cl, + H,S04. 

Sodium thiosulphate, Na^SsOs, is obtained : ^i) by boiling 
finely powdered sulphur with sodium sulphite solution ; 


P^a^SOg “4“ S !N[a2S203. 

On evaporating the filtered solution and cooling, the salt separates 
ill 'Colourless monoclimc crystals, Na2S202, 5 H 2 O. It is used in 
photography and commonly called *hypo’. 
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^ The sodium sulphite is made by neutralising sodium bisulphite 
with sodium carbonate — the sodium bisulphite is first obtained by 
passing sulphur dioxide into sodium carbonate solution. 

NaaCO, + 2SO2 + HaO = 2NaHS03 + COa* 

2NaHS08 + NaaCO, = 2NaaS08 + HaO + COa- 

(ii) by passing sulphur dfioxide into sodium sulphide solution — the 'mother liquor* 
left after the crystallisation of sodium sulphide which is produced by roasting salt 
cake with coke : Na 2 S 04 + 4G =» Na 2 S + 4GO, is a commercial source for sodium 
sulphide. 380, + 2 Na 2 S » 2 NaaS 202 + S. 

2NaaS + NaaCOj + 4SOa « + CO*. 

A thiosulphate is produced as well as a sulphide or poly-sulphide when sulphur 
is boiled with caustic alkali or milk of lime. 

6NaOH + 48 = NaaSaO, + 2NaaS + 

When iodine acts on a mixture of sodium sulphite and sulphide, thiosulphate 
results : 

NaaSO, + Na 28 + la = NaaSaO, + 2NaI. 

Sodium thiosulphate crystals melt at 48"" ; on heating the salt « 
loses water at 215®, and decomposes above 223®. 

4NaaSa08- = 3Na2S04 + NaaSa* 

On adding dilute acid to a solution of sodium thiosulphate free 
unstable thiosulphuric acid (unknown in the pure state) is perhaps 
formed but readily decompose*^ into sulphur dioxide and sulphur, 
which deposit as a white turbidity : H2S2O3 = HaO + SOa + 

Sodium thiosulphate dissolves silver chloride, bromide and iodide, 
forming sodium silver thiosulphate, and hence its use in ‘fixing in 
photography’ : 2Na2Sa03 + AgBr = Na3[Ag(Sa03)a] + NaBr. 

Sodium thiosulphate solution reacts with silver nitrate forming 
a white precipitate of silver thiosulphate, which readily turns yellow, 
then brown and finally black, depositing silver sulphide : 

NaaSaOa -j- 2AgH03 = Aga^aOa -f- 2HaH03 i 
AgaSaOa + HaO = H2SO4 -f" AgaS. • 

When ferric chloride solution is gradually added to sodium thiosulphate, there 
b at first a purple colour due to ferric thiosulphate, and then the solution becomes 
colourless as the iron is reduced to the ferrous state : . 

3^aa8aOa -f- 2FeGIa ^ Fea( 8 aOa)B 4“ 6 NaGi» ^ 

2Naa8aOa + 2FcGla == 2FeGl* + 2NaCl -b NaaSaO,. 

* 

On adding sodium thiosulphate to a brown solution of iodine in 
potassium iodide, the brown colour is discharged and sodium tetra- 
thionate is formed — the reaction is quantitative and is used in 
iodomttry : 2NaaSa08 + la = Na2S404 + 2NaI. 

Thiosulphate is oxidised by chlorine or bromine water : 

NaaSaOa + Gig + HaO Na2S04 + 2HC1 + S. 

With excess of chlorine, the sulphur is oxidised to sulphuric* acid : 
NaaSaOa + 4CI2 + 5HaO = NaaSOa + 8HC1 + HaS04. 

4 
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Pdtassilun permanganate in ntutral solution oxidises thiorolphate 
to sulphate : 2KMn04 + NajSjOs == KjS04 + NasS04 + hinj04. 

Sodium thiosulphate is used as : (i) an analyti^l regent in the laboratory ; 
(ii) an antkhlor to remove chlorine from bleached fabrics, (iii) a 'fixer* in photography, 
and (iv) in the extraction of gold and silver in the lixiviation process. 

Exercises 

1. Mfntion the principal sources of sulphur and briefly describe the method 
for its extraction : (i) from surface deposits, (ii) from under^ound deposits. How 
would you prove that a sulphate contains sulphur ? 

Under what conditions does sulphur react with (a) caustic soda, (b) iron 

(c) coke, (d) chlorine, and (e) concentrated sulphuric acid ? 

2. Give a brief account of the allotropy of sulphur. Describe the changes that 
may be observed when sulphur is gradually heated to its boiling ijoint. How would 
you ■ convert sulphur into (a) hydrogen sulphide, (b) sodium bisulphite, and 

(c) sodium thiosulphate ? Punjab InUr, 

5. How is hydrogen sulphide prepared and purified in the laboratory ? How 

would you prove that (a) the gas contains hydrogen and sulphur, (b) its molecular 
formula is H]S ? Describe the action of the gas on solution of : (a) ferric chloride, 
(b) lead nitrate, (c) sulphur dioxide, and (d) zinc sulphate. CakutUi *53 

4. How would you* collect and purify a specimen of hydrogen sulphide ? How 
would you show experimentally that the gas is (a) a reducing agent, (b) a very 
weak dibasic acid ? Explain why dilute sulphuric acid and not nitric acid is used for 
prejparing hydrogen sulphide. Describe the reaction of the gas with (a) dilute 
nitric acid, (b) concentrate sulphuric acid,,(c) iodine suspend^ in water, and 

(d) zinc sulpnatc. « Delhi *37 

3. Describe the preparation of pure and dry sulphur dioxide. What reactions 
take place when the gas is le into : (a) chlorine water, (b^ caustic potash solution, 
Ic) a mixture of nitrogen dioxide and water vapour, (d) cupric chloride, and 

(e) hydrogen sulphide ? Explain how it behaves both as an oxidising and as a 

reducing agent. U, P, Board *51 

6. How would you prove experimentally that sulphur dioxide contains sulphur, 
and its own volume of oxygen ? State how it reacts with (a) nitric acid, (b) lead 
dioxide, (c) sodium carbonate, (d) milk of lime, and (c) potassium permanganate. 

Calcutta Inter, 

7. How is sulphuric acid manufactured by the lead chamber process ? How 

would you imitate the process in the laboratory ? Outline the principal uses of 
the acia. , Calcutta *54 

8. Describe the manufacture of sulphuric acid by the contact process. What 
advantages does this process possess over the lead chamber process ? How would 
you show that sulphuric acid contains hydrogen, oxygen and sulphur ? Calcutta *47 

9. Describe exj^eriments to show that sulphuric acid acts as (i) an acid, (ii) a 
dehydrating agent; (iii) an oxidising agent. Desaibe the action of the acid upon ; 
(a) sulphur, (b) lead, (c) potassium bromide, (d) a mixture of calcium fluoride 
and sand, (e) common ssA, (f) oxalic acid. 

10. Explain how you would distinguish between (i) a soluble sulphate and 

sulphide, (ii) chlorine and sulphur dioxide. Calcutta *57 

11. ^ Explain what happens when : (a) the gaseous product obtained by heating 
pyrites is led into a solution of potash, (b) hydrogen sulphide is passed into an alkaline 
solution of zinc sulphate, (c) a mixture of sulphur dioxide and air is gradually added 
to a mixture of ferrous sulphate and dilute nitric acid ? 
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Carbon 

Symbol G. Atomic weight 12.010. Atomic number 6. 

Occanrence. — ^Elementary carbon occurs in nature as Samnd and graphitic 
It is present in air as carbon dioxide (about 3 volumes in 10,000) and as carbonate 
in sedimentary rocks such as limestone and dolomite^ An .essential constiti^^nt of all 
animal and vegetable bodies, it is found as carbohydrates such as starch, sugar and 
cellulose, all occurring in plants, and as proteins^ such as albumin and gelatin, occurring 
both in jdants and animals. It is present in petroleum as l^drocarbons. Coal is a 
aarbonacepus mineral of vegetable origin. 

The Allotropy of carbon. — ^The difTerent crystalline and 
amorphous allotropes of carbon are : 

(i) aystalline : diamond and graphite ; 

(ii) amorphous : charcoal y lampblack (or soot)y cokCy gas carbon^ 

Graphite is the stablest form of carbon. The amorphous carbon 
has been shown by X-ray analysis to be micro-crystalline graphite in 
structure. 

The identity of -the allotropic forms of carbon^ such' as 
diamond, graphite and charcoal, is established by burning equal 
weights of the thiee varieties in a current of pure and dry oxygen and 
absorbing the carbon dioxide formed in previously weighed tubes 
containing caustic potash when equal weights of the same^prodijct 
carbon dioxide are obtained. C + O* = CO 2 . 

About 0.5 g. of an allotrope of carbon is weighed out in a porcelain boat which 
M then placed in a hard glass tube G (fig. 124). The carbon is gently heated in a 
enrrent of pure and dry oxygen (which is bubbled through strong sulphudc acid 
in A and thereby dried), and the carbon dioxide formed absorbed in the previously 
weighed potash tubes B. 

" f f - II 


Fig. 124 

mamoBd.— It occurs naturally in Goleconda in India, South Africa, Brazil, 
the Ural mountain and elsewhere. South African mines alone supply over 90% 
deposits, and are separated l>y washing. 

piamnnit. are rated in earats— one carat = 0.2054 gm. ; the Intematiand 
osrat a 0.200 gm. The world-famous gem AeAinoor originally weighed 186 carats, 
but had to be cut to 106 carats. Other famous diamonds are the freps (44.5 carats), 
the CuUinan (3032 carato), and the Pitt (136.25 carats). 

Propeitlea. — (i) Diamond forms transparent lustrous crystals of 
refractive index 2.42, for light — colourless, diamonds arc almost 
pure carbon, l^ransparent diamonds are occssionally pink, great or 
blufe. 
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(ii) It is the densest form of carbon with a specific gravity 3.52 and 
is a non-conductor of heat and electricity. It is transparent to X-rays 
— the imitation diamond (made of glass) is opaque to the rays. 

(iii) Diamond is extremely hard and is not scratched by any substance (except) 
boron carbide B4G) and heads Mohs scale of hardness : 

1. Tak 3. CaldU 5. Apatiit 7. Quartz 9. Corundum 

2> Gjfpsum 4. Fluarile 6. Orthoclase 8. Topaz 10. Diamond 

Each mineral in the scale is scratched by dll others below it. Diamond ts about 140 times 
harder thSn corundum* 

(iv) Very inert chemically^ it is not attacked by acids^ alkalis or 
fused potassium chlorate. 

Artificial diamond. — It was pepared by Moissan in 1893 by heating sugar 
charcoal with iron in a carbon crucible to a' temperature of above 3000°G by means 
of an electric arc furnace — molten iron dissolving the charcoal, and then suddenly 
cooling the solution bv immersion in molten lead — carbon separates as very fine 
crystals of diamond which arc freed from iron by dissolving out the latter with hydro- 
chloric acid. Graphite separates on slow and gradual cooling. The process could 
not be commercially exploited owing to the microscopic size of the crystals produced. 


Uses of dhunond. — ^Diamonds are generally cut for gems and also used, on 
account of their extreme hardness, for cutting glass and for rock-boring purposes. 
The opaque and blask diamonds known as carbonado and bort^ being less valuable, 
are usually used for rock^drillingf and also for cutting and polishing diamonds and stones. 
Diamonds can he cut only by other diamonds. 

Graphite. — Graphite {.graphOf I write), also called plumbago or 
black lead, js found in Ceylon, Siberia, Bohemia, California and 
elsewhere. 

Properties. — (i) Unlike diamond, graphite is opaque, soft and 
greasy to the touch with an almost metallic lustre and conducts heat 
and electricity ; it is also less dense — its specific gravity is 2.25. 

(ii) Like diamond, graphite is crystalline — their crystalline forms 
are different, graphite having hexagonal and diamond tetrahedral 
arrangement of the carbon atoms in the crystals. Grey, flaky 
hexagonal crystals of graphite easily mark paper, and hence the use of 
graphite in the so-called lead-pencils. 


(iii) Slightly more reactive than diamond, graphite is oxidised to 
CO 2 in air at 700®, and to CF 4 iij fluorine at 500°. Though unattacked 
by dilute acids, caustic alkalis or chlorine, it is slowly oxidised to COa 


by chromic acid, and to CO by fused sodium carbonate. 

(iv) Unlike diamond, it is oxidised below lOO^to a yellow insoluble solid, 
orid, Gi]H 405 * which breaks down into mellitic acid G4(GOOH)o (a dmvative 
of benzene) by a mixture 
of concentrated sulj^uric 
and nitric acids and 
potassium chlorate. Forma- 
tion of graphitic acid is 
regarded as a test for 
graphite. 

Artificial graphite. — 

Ardfidak graphite is manu- .. 

Dv the AcheoQii 
pracaM at Niagara in which 

a mixture of sand and powdered petroleum coke » strongly heated for about 25-3fi 






carton 


m 


luKics to a vecy high temperature betweim 2500*’G,and SOOO^C by means of electric 
current led into the mixtme by carbon rods embedded in the mass — ^the mixture is 
being supported on a brick-furnace and covered with sand (fig. 125). Sand smd 
carbon react, yielding sUicon carbide which then decomposes, depositing graphite, 
and silicon wnich latter volatilises away^ 

SiO] "f* 3G SiC "i* 2CO j SiG = Si + G. 

Uaca of graphite* — (i) Graphite is tised in making so-called lead pencils, and 
ioTpolithing iron stoves, (it) Golioidal graphite as a suspension in oil is used in lubricating 
ma^inery, (iti) Since it conducts electricity, it is used in making electrodes and 
heating elements in electric furnaces, and for mating articles of non-conducting materials 
meants for electro-typing, {iv) Mixed with clay, it is used in ^king plumbago crucibles 
which combine refractory properties with thermal conductivity. 

Amorphous carbon. — Charcoals : There are different varieties 
of charcoal, depending upon the source, such as wood charcoal, 
sugar charcoal, and animal charcoal. 


(i) Wood charcoal. — -Tliis is made by the dry distillation of wood 
in externally heated iron retorts (fig. 126) from which air is excluded. 
The products of distillation 
are (a) the inflammable 
gas, known as wood gas^ 
used for heating the 
retorts, (b) the volatile 
liquid distillate, consisting 
of wood tar and an aqueous 
portion, called pyroligneous 
acid which contains acetic 
acid, methyl alcohol and 
acetone, and (c) the solid residue of wood charcoal in the retort. Average 
yield : wood charcoal 25%, wood gas 25%, pyroligeneous acid 40%, 
and wood tar 10%, 





Wood tar finds use as a fuel ; on refining it gives wood oil (a solvent), creosote oil 
(wood preservative), guaicol (a medicinal pr^uct) and pitch. 

There is a wood distillation plant at Bhadrabati in the Mysore State. 

In the primitive process, still in use, piles of wood are covered with earth to hinder 
the admission of air and lighted at the bottom — by the slow burning of a part of' 
wood, the remainder is converted to charcoal. This is a wasteful process, since the 
volatile products are lost. , 

(u) Sugar charcoal. — ^This is pbtained by heating pure cane 
sugar in a covered vessel till no more gas is evolved — the resulting 
charcoal is then heated to 1000®G in a graphite tube in a current of 
chlorine to remove the residual combined hydrogen as hydrogen 
chloride. It b next washed with water and dried ii! a current of 
hydrogen to remove chlorine. Sugar charcoal is the^purestform of carbon. 

It may also be obtained by the action of strong sulphuric acid upon a concentrated 
cane sugar solution — charcoal separating as a black mass is washed with water, 
filtered and dried. 

GiaHsaOn (cane sugar) = 12C -f llHjO. 

^iii) Auisnal Charcoal (bone charcoal or bone black). —This 
is made by the destructive distillation of bones in closed retorts^— the 
volatile products distilling over condense into: (a) an alkaline watery 
liquid containing ammonia and nitrogenous organic bases, and 
(b) hone ail or DippeVs oU containing pyri^ne, etc. The black residue 
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in the retort containing aJbout 10 per cent carbon deponted on a 
porous framework of 90% calcium phosphate and calcium carbonate, 
etc., is known as animal charcoal. The charcoal that remains after 
dissolAung out the calcium salts with hydrochloric acid is known as 

ivory black. 

Blood on charring by similar treatment yields blood ehareotU. ‘ 

Cocoanut shells on being heated in absence of air yields an active form of charcoal. 
Activated charcoal is obtained by carbonising wood previously impregnated with 
cine or iflagnesium chloride. It may also be made by heating wood charcoal prepared 
at 850** — 91)0'’ in a current of steam, when the material (inactive graphite layer on 
the surface) obstructing the pores is removed. Norit is a variety of active charcoal. 

Properties of charcoal. — (i) Bad conductor of heat and 
electricity, charcoal is black, soft and highly porous substance of varying 
sp. gr. of about 1.4 to 1.9 ; but its density is reduced to about 0.2 by 
air enclosed in its pores, and hence charcoal fioats on water. 

(ii) Because of its porosity^ it readily adsorbs gases — the adsorbed 
gases are released on heating. Charcoal may aho adsorb dissolved 
substances from a solution. 

EsEperlsnente. — (a) A piece of red-hot wood-charcoal is inserted into a tube 
of ammonia standing over mercury — ^mercury rises up the jar as the charcoal absorbs 
the gas ; the charcoal takes up about 90 times its volume of ammonia gas — the activated 
diarcoal adsorbs a much larger volume. 

(b) A hot solution of a sample of crude sugar, brown in colour, is shaken with 
anii^ charcoal and then filtered — the filtrate is the colourless solution of sugar — thj 
colouring matter being absorbed and retained by charcoal. 

(c) A dilute solution of litmus is boiled with animal charcoal and filtered — the 
filfrate runs through colourless ; the litmus is being adsorbed by the charcoal. 

Similar experiment may be done with indigo solution. Activated charcoal is 
a better adsorbent than ordinary charcoal. 

(iii) Insoluble in water, alkalis and lion-oxidising acids, charcoal 
is resistant to the action of chlorine, bromine, and iodine ; but unlike 
diamond and graphite it is oxidised to CO2 by hot cone. H2SO4 ; a 
small amount of mellitic acid is produced at the same time. It is also 
oxidised by hot cone. HNOa- 

G + 2HaS04 = COa + 2SOa + 2H2O ; 

G + 4HNOa = COa + 4NOa + 2HaO. 

(iv) Charcoal ignites in oxygen a little above 400®C, wheieas 

graphite burns at 700^ and diamond at 800^. It ignites spontaneously 
in fluorine, yielding CF4, while graphite burns at 500'’ ana diamond 
at 700®. ‘ . 

’ (v) Charc&al is a good reducing agent at high tefnperatures. It reduces ' 

many metallic oxides such as CuO, PbO, FcaO,, ZnO and SnOa 
to the respective metals ; thus topper oxide is reduced to a red mass 
of metallic copper on being heated with charcoal powder. Red hot 
charcoal reduces steam to hydrogen, and carbon dioxide to carbon 
monoxide. 

CuO+C = Cu+CO ; HaO+G == Ha+CO ; COa+C « 2GO. . 

(vi) Oarbon combines with hydrogen at high temperature and i>ressure gelding 
methane in very small amodnts ; acetylene is formed if a spark b passed between 
^bon electrodes in hydrogen. Carbon combines with stdphur Vapour, giving 
^asl^bon db\dpbid<s* . C -h 26 « GS, ; 2G + Hi » GtHf . > 
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UsM of ^toveool.*^Wbod chifrcoal Is used 99 ^ « fu^ and as a redudii^ 
in maldng filter-beds and gun-powder. It is very often used in sewers and hospitals 
to remove obnO^us gases by adsorption. 

(u) Ammal charcoal b extensively used m the refining of sugar ; ivory black 
is used as a pigment. 

(Hi) Activated charcoal b used in making gas-masks. 

Lamp black. — ^It is a fine variety of soot, prepared by burning 
substances rich in carbon such as kerosene, tar, turpentine^ and rosin, 
in a limited supply of air, and collecting the soot by deposition on ^Id 
surfaces^— the smoke is conveyed into a chamber where it is deposited 
on wet suspt^nded blankets and is subsequently removed. A fine 
variety, knowm as gas blacky is prepared from natural gas which is 
methane mainly. It is a bad conductor of heat and electricity. 

It is used in making printer’s ink, black paint and boot-pfilbh and in vulcanizing 
rubber. Lamp black contains some oily impurities which can be removed by heating 
in chlorine. 

Goal. — Goal is a carbonaceous mineral of vegeuble origin. It is the final result 
of a series of slow decompositions of vegetable matt^ of very remote past, in presence 
of a limited supply of air and under high pressure due to the weight of supenmposed 
strata, in the womb of the earth. Various stages of decomposition are represented by : 

5r 

Peat, lignite or brown oosd, bituminous coal and anthracite. 

’ / Each step of conversion b followed by an increase in the percentage of carbon 
in the residue, with the corresponding increase in Calorific value, depressed in'B.Th.U. 
per pound, as the table shows : The vegetable origin of coal is disclosed by microscopic 
examination as Well as by the presence of fossiliz^ plants. 



■ 

Carbon 

Hydrogen 

Oxygen 

Calorific value 

Wood 


50,0 

6.0 

44.0 

7,400 

Peat 


60.0 

5.9 


9,900 

Lignite 


67.0 

5.2 


11,700 

Bituminous coal 


88.4 

5.6 


14,950 

Anthracite 


94.1 

3.4 

mu 

15,720 


In course .of decompodtion, a portion of the carbon, hydrogen and oxygen b 
eliminated as carbon-dioxide, water and methane, and the residue becomes increasingly 
rich in carbon. On burning coal leaves an incombustible residue, called ash — me 
jah content of high grade coals is low, about 5 per cent or so but it may be even 25-30 
cent in low grade coab. Coal often contains sulphur (Assam soal) which may 
be recovered. 

• 'w 

Bituminous coals i.e., common coab, biuti with a smoky fiame and are sub-divided ^ 
into caking and non-caking coab, according as they do or do not soften and fuse on 
burning or coking. Anthracite coal does not burn with a flame and g^ves little smoke. 
Coal b extensively used as a fuel and in the manufacture of coal gas and liquid fuels. 

Cobo and gas <sair|ban.^They are the by-products of coal ges industry. Very, 
hard amd compact, b used as a redudng amt in’ metallurgy. It b abo used 
as afiie}. Coke is a^i^;conductor of heat and.el^triqiy*^ 

Gas carlmn b obtained as a hard de)^sft on the fi^^walb df the retorts by tbe . 
d&ermal decomposition of hydibearbons durmg the mmm&etw of. e^ gas. A 
good conduct bf heat and electricity,,, it ia useddb making dectrodcs $ar arc-lights ^ 
and electric and brushes ftsr mptcM. aitri .dyaafiim . v 
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Propertfit^ 9t dlfifereut Hmam of carlMm.— 


Property 

Diamond 

Graphite 

Amoiphous carbon 

1. Colour and 
appearance 
etc. 

• 

2. Specific 
gravity. 

Colourless transpar- 
ent crystals, high 
refractive index and 
brilliant lustre. 

3.5 

Greyish-black 
crystals, metallic 
lustre. 

2.25 

Extremely soft, 

Black amoifphous. 

Chaircoal 1.4 to 1.9 ; 
gas caron 2.35. 

3. Hardness ;• 
porosity. 

1 

Extremely hard 
but fairly brittle. 

greasy to touch, 
marks paper. 

Charcoal : soft and 
porous ; soot : light, 
finely divided ; coke: 
hard and soft ; gas 
carbon : hard ; soft 
bituminous coal and 
hard anthracite. 

4. Electrical 
conductivity 

Bad conductor. 

• 

Good conductor. 

Bad conductor except 
gas carbon which is 
a good conductor. 

5. Adsorbing 
power of 
gas, etc. 


1 

• 

Charcoal alone is a 
decoloriser, de-odori- 
ser ; adsorbs gases. 

6 .» Effect of 
heat. 

Forms graphite at 
1800^ 

Stable form at 
high temperature 

Changes to graphite 
at high temperature. 

7. Burns with 
flame in 
oxygen. 

CO, at 800°— 850°; 
high ignition tem- 
perature. 

CO, at 690°C. 

CO, at 345°C (wood 
charcoal) ; low igni- 
tion temperature. 

8 . Reacts with 
fluorine. 

CF 4 at 700°C. 

CF 4 at 500°C. 

Ignites spontaneously 
to CF 4 . 


9. Source and method of preparation : Diamond and graphite occur in nature. 
Wood charcoal— destructive distillation ; animal charcoal-Alestructive distillation 
of bone and blood ; lampblack — burning petroleum and kerosene, etc. ; col^e and 
gas carbon — destructive distillation of cosu ; anthracite occurs m nature. 

10. Uses ; Diamond : gem, glass-cutting, rock-boring;^ and polishing ; Graphite : 
lubricant, polishing, lead-pencils and plumbago crumbles ; wood dmcoai : fuel, 
deodoriser, gunpowder, reducing agent, filtering ; animal charcoal ; decoloriser and 
^ar-refining ; lampblack : printer’s ink, black paint, fillers for rubber ; coke : fucli 
sufid reducing a^nt ; Gas carbon : electrodes for arc lights and electric battery. i 

Oxides of carbon* — Carbon forms two important oxides namely 
carbon monoxide^ CO, and carbon dioxide, CO2, which are both 
gaseous. 


Garboii dioxide^ CO^ 

Critical temperature 31^p. Critical pressure 72.8 atm. Bojling point^-<^*^G 
at Subli^ at — 78.52‘’C. 9j^ility at 0°C 1.7 vol. ih 1 v6l. waiter. 

WplAry Md «Mciimnea.^!nie W, called gar sykeislre by Van Uelmontwbo 
xdh 1630, was studibil by Black. (1754) who g^ave it the name fixed air. 
But £1 wii’ka'S^iisier who sbbi^ it to be an'Oxide of carbon in 17&3. 
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InAefi*eftateUoceur»ina&totheotteatofO.QP8tl>y^Vol«i^- The 
<}ici^4c of the air is mainly' jiroduccd by the combustion of fuels, decay of organc * 
matter and respiration of animals. Fermentation of sugar also pn^uco the gafc 
It occurs ki many spring waters, such as Vichy waters. It issues in abundan^ srom 
the fissures in earth’s surface in many localities such as the Poison Valley in Java 
and the*^ Grotto del Cane in Naples. 

In combination it occurs as carbonates, such as chalk, limestone, magnesite, 
dolomite, etc. 

Prefwratloii. — Carbon dioxide is formed (i) by the direct combustion of carbon 
in excess qf air or oxygen, (ii) by the action of dilute acid on all metallic carbonates 
or bi-rcarbonates : 

NaiC 0 ,+H.S 04 = Na.S0«+:H,0+C0, ; NaHCO.+HO = NaO + HjO+COg. 

(iii) By heating all metallic carbonates (except those of alkali metals and barium) 
or bi-carbonates. 

. CaCO, = CaO + CO. ; Ca(HCO,), = CaCO*^+ H,0 + CO,. 

(iv) By beating sodium or potassium bi-carbonates 

' 2NaHCO, = Na,CO, + H,0 + CO,. 

Laboratory preparation. — Carbon dioxide is usually prepared , 
by the action of atids upon carbonates. The gas is obtain^ in the 
laboratory by the action of cold dilute hydrochloric acid upon 
(calcium carbonated : CaC03+2HCl = CaCl2+H30+C02* 

Some marble chips are taken in a Woulfe’s bottle (fig. 127 ) fitted 
with a thistle funnel and a delivery tube, 
and covered with water. On pouring 
moderately strong hydrochloric acid, quick 
effervescence takes place dud to the 
evolution of the carbon dipxide^ — the gas 
may be collected over water (though it is 
somewhat soluble) or by the upward dis- 
placement of air, since it is 1 J times heavier 
than air. The gas may be washed with 
water (to remove HCl vapour), dried by 
suljphiiric acid or calcium chloride and 
collected over mercury. 

Kipp’s apparatus is charged witfi marble 
and hydrochloric aHd for aj_^ready|[8upply of 
the gas. 

Dilute sulphuric acid cannot be used with marble, since the sparingly soluble 
calcium sulphate produced covers the marble and soon stops the action of the 
acid. • 

Pure carbon dioxide is best obtained heating pure sodium 
bicarbonate : 2NaHC03 ^ NajCOs + H2O + CO2. 

On Aa Indnatrlnl scala# — carbon dioxide is obtained as a by-iMt>duct either 
in the fermentation of sugar into ethyl alcohol by the action of enzymes, present 
in yeast (p. 146). 

^ (glucose) « 2 G,HbOH (alcohol) + 2GO„ 

or in the production bf lime by .healinjr a mixture of limestone aqd ebke in a kiln. 
*nie gas can also be nianufactured by buwn^ coke in excess air' : 

CaCOi * CaO + CO* ; G -f O* » CO*. 



Fig. 127 
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Tbe gas is freed d^rogen and other gases by absorption in ool4 potassium 
carbonate solution, potassium bi-carbonate from which the is 

subsequently expelled if boiling. It is dried by sulphuric acid and stored in cylinders 
under pressure. 

K,CO, + H,0 + CO, % 2KHCO,. 

ProperdM* — (i) Carbon dioxide is a colourless gas with a faint 
pungent smell and an acid taste, easily liquefiable under pressure — at 
temperatures below 31°, its critical point, it may be compressed to a 
liquid. / 

(ii) The gas is nqt poisonous but it does not support respiration, 
since animals feel suffocated in its atmosphere for want of oxvgen. 

(iii) The gas is 1 1 times heavier than air. 

The gas is poured from one jar to another just as water is poured— on adding 
lime water to me lower jar, it turns milky, showing that the gas is heavier than air. 
A soap bubble (containing air) floats on the surface of the heavier gas carbon dioxide. 

(iv) It is fairly soluble in water — ^watcr dissolving its own volume 
of the gas at 15° ; the gas is completely expelled on boiling the solution. 
Thu^ solution is acidic due to the formation of unstable carbonic acidy 
Known only in solUlidn ; H 2 O + CO 2 ^ H 2 CO 3 . The solubility of 
the gas increases under pressure. 

Carbon dioxide is passed into blue litmus solution— it turns dull red. The blue 
colour is restored on boiling — carbon dioxide being removed. Hence the solution 
of tbe gas is a weak unstable acid. 

(v) The gas c^pes neither bum nor supports combustion, and hence 
its u^c as a fire extinguisher. But ignited JVa, K and Mg burn in the 
gas with separation of carbon, 

4 K + 3CO2 ~ 2K2CO3 + C ; COg + 2 Mg = C + 2 MgO. 

A piece of burning magnesium is inserted into a jar of carbon dioxide, it continues 
burning with separation of soot ; when shaken with dilute HCl, magnehium oxide 
dissolves, black particles of carbon are seen floating in the liquid. The experiment 
shows the presence of carbon in carbon dioxide. 

(vi) The gas may be^ reduced to carbon monoxide passing over red, 
hot carbon, iron or zinc": 

COg -f C = 2CO ; COg + Fe = CO + FeO. 

(vii) An acidic oxide, the gas reacts with bases and alkalis, yielding 
carbonates : 

CaO “b COg 5 ?^ CaCOg i ^agO COg = N^agCOg. 

• 

Expt. — (a) Acdoa on lime wstter : — Carbon dioxide is p^ed into lime water 
it turns milky due to the formation of white insoluble calcium oarbonate. The 
milkiness disappears on continued pa^g of the gas owing to the formation Of soluble 
calcium bicarbonate. The n^kiness appears on boiling the solution, since the 
bicarbonate decomposes, yielding the carexmate back* 

CO, + Ca(OH), « CaCO, (insoluble) + H,0 
CaCp, + H,0 + CO, 4 Ca(HCOi),' (soluble). 

(b) The gas reacts with caustic soda, giving a solution of sodii^ carbonate, 
bnt.witb^ excess of the gas sparit^b soluble lodivm bicarb^ate is produced, wMch 
gwm 'pure carbem dioim^ " ^ 

GOk « Na.GO, + H,0 ; KajQq GO, 2NltiCQ,. 
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(viii) The gas is deoompoted by the green cdouiif^ matter of plantii known 
as in i^esence of sunlight and moisture 

into carbon, which is assimilated by plants, and oxygen 
which is set free (fig. 128). The process is known as 
photosjmihisis* 

Teat. — L'ke nitrogen, the gas does neither bum, nor 
supports combustion ; but unlike nitrogen, it turns lime 
water milky. 

Uaea. — (t) In the manufacture of sodium carbonate by 
Solvay’s process ; urea and salicylic acid, and in the refining 
of sugar. 

(tt) As a refrigerant as dry lee (also called (dri-cold), 
it is so called, since it does not melt to water, as ice does, 
but evaporates. Carbon dioxide is liquified under a 
pressure of 1000 lbs. p^ sq. in. — the liquid on evaporation 
solidifies to 'carbon dioxide snow*, called diy ice which is 
used for cooling ice creams, packing fish, etc. The dry 
ice sublimes^ at —79^. Liquid carbon dioxide is sold in 
steel cylinders. 

{Hi) In extinguishing fire. A fire extlngalaher (fig. 129) consists of a metal* 
casing B containing a solution of sodium carbonate, with a glass bottle T of sulphuric 
acid inside. The botde may be til'oken by a rod attached 
to a knob H outside — ^the acid coming in contact with 
the carbonate liberates carbon dioxide which is directed 
against fire from a nozzle. In extinguishing oil fires carbon 
dioxide is uacd in a mixture called foq[Hite^ Foamite b a 
solution of alum or aluminium sulphate mixed with sodium 
bicarbonate and a sticky material such as licorice exfiracX. 
Aluminium sulphate on hydrolysis produces sulphuric 
acid which acts on NaHCOg to form CO*. The evolved 
GOj expands the whole mass into a thick foam which 
spreads over the burning oil like a blanket and shuts off 
oxygen. 

Al,(S04),+6NaHG0, = 2Al(0H),+3Na,S04+6C0>. 

(lo) In the preparation of 'aerated waters* such as 
lemonade and s^a water which are solutions of carbon 
dioxide under pressure ; and as a leavening agent. Baking 
powder contains sodium bicarbonate and tartaric acid, 
which do not react when dry. In presence of water, sodium 
tartrate is formed *and GO, is evolved, the bubbles of 
which are expanded by heat on baking. 

(v) In medicine and first aid in case of shock, gas poisoning and asphyxiation. 
A mixture 95 per cent Os and 5 per cent GOs is administered by g|is mask and forced 
respiration in order to stimulate natural respiration, 

• 

ComiMssitioii of carbon dioxide. — (i) By weiglit x ^ The 

gravimetric composition of carbon dioxide is determined by burning a 
known weight of pure sugar charcoal in oxygen and absorbing the 
carbon dioxide formed in strong caustic potash solution. 

About 1 g. of pure charcoal is weighed into a tiby porcelain boat' 
and placed inside a hard glass tube (fig. 130) one half of which is 
packed with ""granular, coppp c^de. The tube Js then laid in^ 
combustion furnace. The Ci^per oxide, is first hest^ to redness aud 
then a slow stream of {first purified by passing through . 



Fig. 129 



Fig. 128 
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B, containing sticks Cf caustic potash to remove moisture and carbon 
dioxide) is passed through the tube, and finally the boat containing 
the carbon is heated. The carbon is oxidised to carbon dioxide. 
Any carbon monoxide formed is converted to carbon dioxide by the 
hot copper oxide. 

After the combustion is over, oxygen is allowed to pass through 
the tube to sweep out all the carbon dioxide, which is absorbed in 
weighed {>otash bulbs, and then the oxygen is displaced by air. The 
potash bulbs ^containing strong caustic potash solution) together with 
the calcium chloride tube (to prevent loss of moisture from the bulbs) 
are weighed before and after the experiment. 



Fig. 130 

Let X s weight of carbon and y » increase in weight of potash bulbs» then the 
weight of oxygen coQibined with x of carbon = j>*-x. Hence the percentage of carbon 
and oxygen in carbon dioxide may be found out — actual experiments give the following 
data*G =* 27.27 and O = 72.73. Therefore the ratio of : 

atoms of carbon __ 27.27/12 _ 2.27 _ ^ 
atoms of oxygen ~ '72.73/16 ~ 4.54 *' 


.*• the empirical formula for carbon dioxide is GOt. 

This accords with the mol. wt. 44, vapour density being 22. Therefore the molecular 
formula of carbon dioxide is CO,. 


(ii) By volume : The volumetric composition of the gas is 
established by burning a piece of pure sugar 
carcoal in a confined volume of oxygen over 
mercury — the exi>eriment showing that carbon 
'dioxide contains it own volume of oxygen. The 
apparatus consuts of a U-tube (fig. 134) ending in 
a bulb at one end, which is provided with a glass- 
stopper through which pass’ two copper wires, one 
of which ends in a metal spoon. The two wires 
are connected by a platinum spiral, touching a 
pi^e of pure sugar charcoal on the spoon. The 
bulb and a part of the* limb is filled with oxygen 
at atmospheric pressure by the displacement^ of 
mercury, and the charcoal is ignited by passing 
.electric current through the spiral. Carbon is 
burnt into carbon dioxide. On cooling the 
apparatus, mercury is found to stand at the same 
level as before, i.e., no change in volume has taken 
’'place in the converfdon of carbon into carbon 
ISI dioxide. Hence i:arhon dioxide contains its own 
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volume of oxygen, i.c. 1 volume of carbon dioxide contains 1 volume 
of oxygen. Therefore : 

1 molecule of the gas contains 1 molecule (i.e., 2 atoms) of oxyj;en (by Avogadro’s 
hypothesis). Hence the formula is CxOa and the molecular weight = 12x+2 X 16. 
But the mol. wt. is 44, its density being 22, found experimentally i.e., 12x+2 X 16 = 44. 

X s 1 and the formula of carbon dioxide is GO|. 

Carbon Monoxide, CO 

Critical tern. — 138.7®C ; Critical pr. 34.6 atm. ; m.p. — 191. 5°C ; m.p. — ^200°C. 

Formatibii. — Carbon monoxide was first discovered by^ Lassone iu, 1766 by 
heating charcoal with zinc oxide. The gas is formed (i) by the incomplete combustion 
of carbon in limited supply of a'r or oxygen, (it) by heating charcoal with oxides 
of zinc or iron, or with chalk ; 

ZnO + G = Zn + CO, CaCOa + G = CaO + 2CO. 

(m) by the reduction 
of carbon dioxide by 
passing a slow stream of 
the gaes over red-hot 
charcoal, iron or zinc. 
Carbon dioxide is first 
dried by passing 
through concentrated * 
sulphuric acid and then 
• slowly led over a layer 
of charcoal heated to 
redness in an iron tube 
(fig. 132) — the result- 
Fig. 132 ^ ing CO is collected 

over strong caustic potash solution, which absorbs the unreduced GO,. 

GO, -h G % 2CO ; GO, + Zn = CO + ZnO. 

The flickering blue flames above a coal fire is due to carbon monoxide burning 
to carbon dioxide. The formation of carbon monoxide in coal fire is due to the 
reduction of the carbon dioxide, formed in the lower part of the fire in presence of 
free air, to monoxide in passing upwards through the bed of red-hot charcoal in thte 
centre of the fire. 

Carbon monoxide, also called carbonic oxide, occurs in coal gas, 
fumes of burning charcoal and in the exhaust from motor engines. 



Laboratory Preparation. 

in the laboratory by 
abstracting the elements 
of water from either formic 
acid HCOOH or oxalic 
acid (C 00 H )2 by the . 
action of hot concentrated 
sulphuric acid. Formic 
acid (a liquid) is slowly 
added from a tap' funnel 
into concentrated sul- 
phuric acid in a flask 
(fig. 133> heated to about 
100®. The carbon mon- 
oxide produced is washed 
with caustic potash solu- 
tion to remove traces of 


water gas, in the 
Carbon monoxide is usually prepared 





Fig. 133 

carbon dioxide and sulphur dioxide formed by the reduction of 
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sulphuric acid. HtS04 + CO = H^O + SOf + GO|, and collected 
over water. The gas xpay also be obtained by heating sodium formate 
with concentrated HtS04. 

HCOOH = CO + HtO. 

Chystals of oxalic acid, on wanning with concentrated sulphuric 
acid, evolve a mixture of equal volumes of carbon dioxide and carbon 
monoxide. The gaseous products of the reaction are passed through 
strong caustic potash solution to absorb carbon dioxide, the carbon 
monoxide is collected over water. 

HOOC-COOH = CO + CO, + H,0. 

To obtain the gas in the pure state, it may be dried with phosphorus pentoxide 
and collected over mercury. 

Potassium ferrocyanide on heating with concentrated sulphuric acid evolves 
carbon monoxide vigorously : 

K 4 Fe(CN)g+ 6 HaS 04 + 6 Hj 0 == 2KaS04+FeS04+3(NH4)gS04+6C0. 

Properties. — (i) Carbon monoxide is a colourless gas with a 
peculiar faint smell and is highly poisonous — a concentration of less 
r than 1% breathed continuously causes death. 

Its poisoning effect is due to the fact that it combines with hemoglobin, the oxygen 
carrier of the blood, forming a stable compound carboxy-hsemo|;lob«n, and so prevents 
it from fulfilling its normal function in respiration. This explains why it is dangerous 
to burn coke in chambers insufficiently ventilated. 1 vol. of GO in 10,000 vcb. uf 
air produces symptoms of poisoning, while 1 in 300 vols, causes death in 30 minutes. 

(ii) Very slightly lighter than air, ,the gas is sparingly soluble in 
water, about 3% by volume, but it freely dissolves, in either 
amftioniacal or hydrochloric acid solution of cuprous chloride which 
is the absorbent for the gas, forming a compound, CuCl,C0,2H20. 

^iii) Non-supporter of combustion, the gas burns in air of oxygen 
with a pale blue^flame, yielding carbon dioxide : 2CO +02 = 2CO2. 

(iv) It is a powerful reducing agmt ; it reduces the oxides of such 
metals as lead, copper and iron at red heat — this property is made 
use of in many metallurgical processes. 

PbO + CO = Pb + COa ; + SCO = 2Fe + SCOa- 

At 90^G GO reduces iodine pentoxide to iodine — the reaction is used to determine 
traces of GO in air, JjOg + 5CO=It + SGO*. 

CO reduces steam in presence of mixture of heated FeaOa and 
CraOa catalyst : HaO + CO Ha + COg. 

(v) An unsaturated compound^ it undergoes additive reactions : 
thus it combines directly with chlorine in sunlight giving carbonyl 
chloride, also called phosgene : <30 + Cla = COGla- With sulphur 
vapour it gives carbonyl sulphide : CO + S = COS. 

It reacts with metals like iron, cobalt and nickel at subtly elevated temperature 
to form metallic carbonyls which are usually volatile liquid : 

Fe + 5GO * Fe(CO )4 Ni + 4CO Ni(CO) 4 . 

(vi) A neutral oxide , it has got no action upon lime water or any 
aHcali. But at 200^C and under pressure it reacts with a strong 
^tolution of caustic soda, yielding sodium formate : 

V CO +NaOH«HCOONa (sodium format^). 
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TjMt 9 « — Carbon inonoidde bumi with a pale blue flame yielding carbon dio^e 
which turns lime water nulky. Test papers soaked in platinum chloride or palladium 
chkiride solution when exposed to suspected atmosphere^. is turned pink^ gteen or 
black .due to the reduction of the chloride by carbon monoxide. 

PdCl* + H,0 + CO = Pd + 2Ha + COj. 

Traces of carbon monoxide in air may be detected by shaking with diluted bloodt 
and then examining the blood spectroscopically. If carboxy haemoglobin is present 
in the blood, it gives a red precipitate with tannin solution instead of the normad 
brown precipisate. 

Uaes. — It is used as a fuel in the form of producer gas and water gas, as ^ reducing 
agent, and in the extraction of nickel. Methylalcohol, GH,OH, is obtained by 
passing a mixture of GO and (water gas) over a catalyst of ZnO + GraOs, heated 
to 350®G, at 200 atmospheres ; GO + 2Ht « GHaOH. The methane is formed 
with nickel at 380*^0 and at atmospheric pressure : reaction between GO and Ha 
may be directed by the choice of the catal^^t — ^2GO + 2Ha = CH 4 + GOa- The 
reaction between GO and Ha in presence of iron catalyst yield synthetic liquid fuel 
(Fischer-Tropsch process). 

Gompoaitioii of carbon monosclde* — (i) By volmne : Garbon monoxide 
yields omy carbon dioxide when burnt in oxygen ; it is therefore a lower oxide of 
carbon. A Imown volume of carbon monoxide and a measured excess of oxygen 
are collected over mercury in a eudiometer at atmospheric pressure, and exploded. 
The explosion takes place with a contraction in volume (due to the absorption of , 
oxygen by carbon monoxide) which is equal to half the volume of carbon monoude 
taken. There is a further contraction on absorption with caustic potash — this is 
due to the carbon dioxide formed ; it is equal to the volume of carbon monoxide 
CxOy + lO* = GOj. 

Hence 1 volume of carbon monoxide combines with half volume of oxygen to 
yield one volume of carbon dioxide.^ But one volume of carbon dioxide contains 
one volume of oxygen, of which one-half is derived from gasequs oxygen, so that 
the other half must be present in carbon monoxide. Hence carbon monoxide contains 
half its volume of oxygen. One molecule of c^bon monoxide, therefore, con&ins 
\ molecule of oxygen, by Avogadro’s hypothesis. Hence the formula is GxO and 
the mol. wt. = 12x 16. But its mol. wt. is 28, the density is found by experiments 

to be 14. \2x + 16 = 28, whence = 1. The formula of carbon monoxide 

is, therefore, GO. 

(ii) By Weight : A slow stream of pure carbon monoxide is passed through 
a weighed tube containing copper oxide, heated to rednessl in a furnace. Carbon 
monoxide is oxidised by hot copper oxide to carbon dioxide which is absorbed in 
previously weighed potash bulra. The potash bulbs and the copper oxide tube 
are separately weighed after the experiment. 

Let the wt. of COg formed (= the increase in weight of potash bulbs) sa a gm. 
Assuming the composition of GOg to be known, the weight of garbon present in this 
weight of COi = 12a/44. • 

Let the weight of oxygen used (=* loss in weight of CuO-tube) = b The 
weight of carbon monoxide = {a^b) gm., and the wt. of oxygen present in carbon 
monoxide = [(a— 6 )— (12a 4-44)] gm. Hence the percent^c pf>carbo_q and oxygen 
in carbon monoxide may be determined — actual experiments ^ive them to be 
G ~ 42.8 and O «= 57.2. Hence the empirical formula is GO. This agree with 
the mol. wt. 28, the vapour density being 14. Hence theiformula is GO. 

Gomparison of the oxides of carbon x 


Properties 


CO. 


CO 


1. Nature, colour and Colourless gas ; faint Golourles g^ ; peculiar 

smell, etc, pii^Gat smell and add faint smell, lique&ble at 

taiite ; easily liquefiable very low temperature and 
under pressure. "" high pressure. ^ 
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2 . 

3. 


4. 

5. 


6 . 


7. 

8 . 


Density. 

Physiological action. 

Solubility in water. 
Combustibility etc. 


Character of the 
oxid^. 

Action on lime water. 
Action on caustic 
soda solution. 


Ifr times heavier than air. 
Non-poisonous ; causes 
suffocation. 

Fairly soluble in water. 
Non-combustible ; non-sup- 
porter of coubustion 
ordinarily, but supports 
combustion of ignited 
Mg.^ 

Acidic oxide ; turns blue 
litmus solution winc-rcd. 
Lime water turns milky. 
Forms carbonate and finally 
sparingly soluble sodium 
bicarTOnate. 


9. Reducing property. 

10. Additive reaction. 

11. Absorbent. 


Itself reduced to CO by 
C. Fe, etc. at red heat : 
CO, + C == 2CO. 

A saturated compound ; 
froms no ^addition pro- 
duct. 

Caustic alkalis, usually 
caustic potash. 


Slightly lifter than air.. 
Highly poisonous. 

Very sparingly soluble. 
Combustible — bums with 
a blue flame ; non-sup* 
porter of combustion. ^ 


Neutral oxide ; neutral 
to litmus solution. 

No action on lime water. 
Forms sodium formate 
with caustic soda on 
heating and under 
pressure. 

Reducing agent — reduces. 
CuO, etc. at red heat : 
CuO-h CO = Cu+CO,. 
An unsaturated com- 
pound gives addition 
product with Cl, : 

CO + Cl, -= COCl, 
Ammoniacal solution of 
cuprous chloride. 


The, Hydrocarbons. — Carbon forms a large number of compounds with 
hydrogen ; they are known as hydro^carbons or hydrides of carbon. Methane, 
CH,, ethane, GaH,, propane, CaH,) etc. are* examples of saturated hdro-carbons in 
which the valencies of carbon atoms are fully satisfied. Ethylene, G,!!,, propylene, 
C,H„ and acetylene, C,H„ etc., are unsaturated hydrocarbons in which the valencies of 
carbon atoms are only partially, satisfied. Ethylene and propylene contain a double 
bond and acetylene a triple bond— double and triple bonds signify unsaturation. 
A peculiar proper^ of a carbon atom is that it may be linked up to other carlx>n atoms 
by means of their valencies. Following structural formulae are instructive : 


H 

H H 

H H H 

1 1 1 

1 

H-C-H 

1 1 

H-C-C— H 

1 I 

H-C-C-G-: 


i .1 

1 1 1 

H H H 

Methane GH, 

Ethane C,H, 

Propane CaH, 

H H 

H li H 


-i-U 

f 

H-i-i 

1 

H-CsC-H 

Ethylene C,Hj 

H 

Propylene CaH, 

« 

c 

Acetylene C,H, 


Methane or marsh gas, GH4 

Boiiing point — 161.4® ; m.p. — 185.8® ; Solubility, 5.56 volumes in 100 volumes 
of water at 0® ; 3.3 vpls. at 20®C. 

OccsifTcace. — ^Natural gas from petroleum wells contains more than 90 per, 
dmt .^ethane. The fire damp of coal mine also cox^tains this gas. Bacterial decay 
c# v^table matter (cellulose) at the bottom of marshy pools prdduces niethane 
^ jatid hence the name marsh gas-^-the gas escapes in bublMes when the mud is disturbed^ 
contains about 35% methwe by vphjiine^ 
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M«*huM nsy b* ■jmllMwiMd t {i) by strildag an dectric arc between carbon 
electrodes in atmosphere of hydrogen : G 4* 2Ha ^ CHa, 

(») by passing a mixture of carbon disulphide vapour and hydrogen sulphide 
over heated copper : CS, + 2HaS + 8 Gu = GH 4 + 4Gu,S, 

(hO hy passing a mixture of carbon monoxide and hydrogen over nickel at about 
300®C. ‘ GO + 3Ha = CH* + H,0. 

Fairly pure methane is evolved by the action of water on aluminium carbide : 

AlaCa + 12HaO = 4Al(OH)a + SCHa. • 

tr 

Preparation. — (i) Methane is prepared in the laboratory by 
strongly heating in a hard glass test tube or copper flask anhydrous 
sodium acetate with three times its weight of soda-lime. The methane 
is collected over water, in which it is practically insoluble : 

CHaCOONa + NaOH == CH^ + NaaCOa- 

The anhydrous sodium acetate is .made by heating the crystalline 
Salt in a porcelain basin on a sand-bath until the water is driven off 
and the salt fuses. It is then cooled in a desiccator, and powdered. 
The sodalime is a mixture of sodium hydroxide and calcium hydroxide 
— its use is preferred to caustic soda alone, since it»is less fusible than 
—fftnftk soda, and does not attack glass so readily. The sodalime 
is made by slaking qui^k lime with a concentrated solution of caustic 
soda and drying. ^ 

Nearly pure methane is formed by heating sodium acetate with anhydrous barium 
hydroxide in place of sodalime. * 

^ 2GHaCOONa + Ba{OH)a = 2GHa + BaCO, + NaaCO,. 

Puxificaticiii.— The gas prepared by this method is not pure and may contain 
as much ajt 8 % hydrogen and 10 % unsaturated hydrocarbons such as ethylene, 
etc. It is punned by passing in succession through ammoniacal cuprous chloride 
(to remove acetylene) and cone, HaSOa (to absorb ethylene and moisture), and 
then collected over mercury. Thus purified methane still contains hydrogen which 
may be removed as water by mixing the gas with excess oxygen and passing oyer 
palladium or platinum black at 100 ^ — the excess oxygen is then removed by alkaline 
pyrog^ail^ methane is finally dried by concentrated sulphuric acid. 

^ ^ii) Pure methane — ^is prepared by (a) the action of w§ter on zinc methyl, 
Zn(CH3), : 

Zn(CH,), + 2HaO = Zn(OH), + 2 CH 4 . 

(b) reducing methyl iodide by means of nascent hydrogen, liberated by the 
action of zinc-copper couple, (or amalgamated aluminium) on methyl alcohol, 

CHal (methyl-iodide) -h 2H = CHa + HI 

Zinc-copper couple is prepared by immersing granulated zinc in copper sulphate 
solution until coated with a layer of copper. The couple is washed with water and 
th^n with dry methyl alcohol* 

The couple is taken in a flask and covered with methyl alcohol (50 c.c.) and 
a mixture of equal volumes of methyl iodide and method alcohol is slowly added 
from a tap-rfunncl (fig. 60), when methane is evolved. The gas is passed through 
a TJ-tube containing moist Zn-Gu couple to retain the accompanying methyl iodide 
which is very volatile, and then collected over water. The gas xnAy be dried by 
cone. HiSOa and collected Otrer mercury. The Zn-Gu couple may act as follows : 

,^ C3H,I »»cai 4 + Zn(OCH,)I. ,4 
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(c) Grignard iodide mctil widi in iry ether mecduffl, 

forming hieth^l magnesium iodide, which is decomposed by adding water, when 
pure methane is formed. 

CH3I + Mg GH»Mgl 
CH,MgI + H,OH = CH4 + \fe(OH)I. 

Properties. — (i) A colourless gas without smell or taste and 
about half as light as air, methane is non-poisonous and is slightly 
soluble in water, but is somewhat more soluble in alcohol. 
Rema^ble for its chemical inertness, the gas withstands the action 
of acids, alkalis and reducing agents. 

, Methane is not easily attacked by chemical reagents, and hence the name ^paraffin' 
(partm qffims : little affinity) for the group of hydrocarbons to which it belongs. 

^ii) Non-supporter of combustion, methane burns with a feebly 
luminous flame, yielding water vapour and carbon diox^e : 

CH4 + 2O2 = CO9 + 2HaO. 

(iii) The gas forms an explosive mixture with air or oxygen the 
ignition of which causes explosion in coal mines. 

The use of naked lights in coal mines brings about the ignition of methane and 
air, resulting in disastrous explosions. 

This may be avoided by electric lighting in mines or by the use of DaofT' safely 
lamf in which the flame is isolated from the surrounding atmosphere by copper gauze 
whiefi by its heat conducting capacity prevents the dame from spreading to the 
surrounding air. • 

*(iv) Reaction with chlorine. — Chlorine has no action upon 
methane in the dark. A mixture of methane and chlorine ^explodes 
when ignited or exposed to bright sunlight^ giving hydrogen chloride 
and a black cloud of carbon. The reaction shows that methane 
contains carbon ; CH 4 + 2 Cla = U + 4Hui, but it the nj^xture 
is ex^sed to il^Bfased sunlight, chlorine dhp^ces hydrogen from 
methane, atom by atom, — the ultimate product being carbon tetra- 
chloride. This is a substitution reaction : ■ ^ 


CH 4 + Cla = HCl + CH;|C1 tmethyl chloride). 
CHaCl +• CI 2 = HGleh CHaCla (methylene chloride). 
CHgCI, + Cl, = HCl +*<5 hC 1, (chloroform). 

CHCI 3 CI 2 =5= HCl + CCI4 (carbon tetrachloride). 


Methane is a saturated hydrocarbon, since all the 4 yalenceis of carbon 
are satisfled, and, therefore, does not react with hydrogen. 

Methane also undergoes substitution with bromine, but with iodine the reaction 
is reversible. Methane reacts explosively with fluorine. 

CH4 + I, £9 CH4I + HI ; CH4 + 4 F, * CF4 + 4 HP. 


Uses of metlmae 1 (i) As a source of hydrogen. Methane is mixed with ^team 
and passed oyer nickel supported on alumina a{ 725 *’ ; GH4 + H|0 » QQ ^ 

(ii) For making carbon blackr-methane^ is decomposed into carbon and hy^irq|^ 1 > 
dt 10 Qp®C : 084 C + 2 H,. ' * 

^ catalytically oxidised to methyl tiec^l (^i3^;aiidforlR^ 
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Boilinff point — 103.7 ; m.p. —169.5^. Solubility in water, 0.163 volume in 
1 vol. at 18 . 

The gas was first discovered by Becher in 1669. It occurs in coal gas to the extent 
4— 10% ny volume. 

Preparatioii. — Ethylene is prepared : (i) by dehydrating ethyl 
alcohol with concentrated H2SO4 or phosphoric acid, or by passipg the 
alcohol vapour over heated alununa. Ethylene or olefiant gas as it is 
sometimes called, is prepared in the laboratory by ‘removing the 
elements of water’ from ethyl alcohol by sulphuric acid. A mixtuie.^ 
of about 30 c.c. of ethyl alcohol with 80 c.c. of concentrated sulphuric 
acid is taken in a flask fitted with a tap-funnel and a delivery tube. 
The flask (fig. 133) is gently heated to about 160^ on a sand bath, and 
a mixture of- equal volumes of alcohol and sulphuric acid is slowly 
added from the tap-funnel as the reaction proceeds. Some glass beads 
(or a little anhydrous aluminium sulphate) aie placed in the flask to 
prevent frothing. The reaction takes place in two stages — ethyl 
hydrogen sulphate first formed decomposes into sulphuric acid and 
ethylene : (H \ 7 iiiMl "TTf • 

— C2H5OH -t- H2SO4 = C 2 HfiHS 04 + H2O. 

C2H5HSO4 = C2H4 + H2SO4. 

The gas is washed with caustic potash solution to absorb carbon 
dioxide and sulphur dioxide (formed, by the partial’ reduction qf 
sulphuric add), and then collected over water. It may be dried by 
calcium chloride. 

purer ethylene is obtained by dehydrating ethyl alcohol with syrupy phosphoric 
acid at 230^. 

Prepaipatloii of etltyfene dibromlde. — ^The ethylene gas as made above is 
washed with caustic soda 8olu|ion, and then passed into two wash-botUes containing 
10 and 2 c.c.*s bromine, coverSl with a layer of water, respectively. , The wash-bottles 
are well-cooled in water. Ethylene is gradually absorbed and bromine becomes 
paler in colour, and finally a colourless liquid, ethylene dibromide, C|H 4 Br 8 , is 
obtained. The liquid is purified by shaking with Na,COf solution in a seppating 
funnel. The lower, and' therefore, the heavier ethylene dibromide layer is then 
separated, washed with water, and finally dried over calcium chlbride and distilled. 
The distillate between 130-132’’ is ethylen^^ibromide. 

Pure ethylene is evolved : (i) by heating ethylene dibromide with zinc dust. 

G|Pr 4 "l" Br^ ^ G 8 H 4 Br 8 i G|H 4 Br 4 Zn =* ZnBr^ ■4“ 

(ii) by heating ethyl iodide or ethyl bromide, CaHsBr, with an alcoholic solution 

of caustic potash. * 

♦ 

G^.I (ethyl iodide) + KOH » C|H; + K1 + HaO. 

Ethylene is technically obtained ; (i) by p^hg ethyl alcohol vapour over heated 
alumina or kaolin at about 350^G : GaHaOH sa OtH« + HaO. 

(ii) by cracking , prbpane bbtiuned from natural gas : 

Clfa-CHa-GHa — ► CH, « CH» + CH 4 
Cracked petroleum is an important source of ethylene. 

.-••(i) C^IomrlesS) eitbylebe Is not 

poisODoa^. bnd has pn^ierti^. Sparingly *oluble in water^ 

thega»^'aheayy'a>abK'r--t.''''' -V 
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of combustion, tiie gas boras in air or oxwen — 
the flame in air is'^luminous and smoky, and in oxygen bright and 
smokeless. The gas forms as explosive mixture with air of oxygen : 

CjH* + 30, = 2COa + 2H,0, 

(iii) Action of chlorine. — A mixture of ethylene and chlorine 
burns with a red flame, forming fumes of HCl and clouds of caibon : 

• CjH, + 2C1, = 2C + 4HC1. 

but vhen exposed to light at ordinary temperature, an oily lic^uid, 
ethylene dichloride, also called Dntdk liquid, is formed by direct 
addition'^ CjH, Cl, = CjHaCl,. 

r This reaction is typical of many reactions of the unsaiurated hydrocarbon ethylene 
^containing a double bond between the carbon atom) in which two monovalent atoms or 
groups are added to a molecule of ethylene, yielding a saturated additive compound. 
The reaction with chlorine may be formulated as r 

HgC HgC- H,C-C1. 

II +CI,— ► I +C1, — ► I 

HgC H,G- HgC-Cl. 

Ethylene differs from methane in being an unsaturated hydrocarbon ; it forms 
compounds by direct addition instead of by substitution, as in the case of methane. 


(iv) Additiol? reactions. — An unsaturated hydrocarbon ethylene 
readily forms addition compounds with : ^ 

(a) chlorine, bromine, hydrobromic acid and hydriodic acid. 

When ethylene is led into bromine (a tfid liquid), the latter decolorises forming 
a colourless liquid ethylene dibromide. 

‘ CHa — CHa + Brg CHaBr— CHaBr (ethylene dibromide). 

CHa = CHa + HBr CHa-CHaBr (ethyl bromide). 

The radical CH 3 — CHa — or CaHa— is known as ethyL 

(b) hydrogen in presence of reduced nickel catalyst at 150®C : 

CHa = CHa + Hg -> CHg. - CHg vCthanc). 

(c) hypochlorous acid, HOCl : 


ePa = CHa+HOCl->-CHaOH— CHgCl (ethylene chlorohydrin). 
(6) concentrated sulphuric acid slowly in the cold but rapidly 
atl60"C: 


CHa = CHa+H.HS 04 ->CH 3 -CHa.HS 04 (ethyl hydrogen sulphate) 

The ethyl hydrogen sulphate gives ethyl alcohol on boiling with water. 

V CHj.CH,.HS 04 + H.OH * C3,HgOH + H,S04 
(e) Ozone, giving the unstable explosive substance ethyleilb ozonide which on 
hydrolysis yields formaldehyde, GHsO, and hydrogen peroxide. The reaction is 
useful in detecting double bond in ethylene. 

CHt CH,-0 

II +O4— > 1 1 +HtO 

CHa O ►CHaO+HaOa + CHaO 

iH,-6 


v) OsdUaUitliMk reacftiima. — ^Mild oxidising agents, such as cold aljciUiine 
n04 solution, oxidise ethylene to glycol. I '■ 

CHa « CH, + HaO + O — > CHaOH-^GE^QH (ethylene glycol). 



— (i) Broliiuic ; (it) Gonceiitrated sulphuric aci<l*^*4hxniiiff H |^04 
rapidly absorbs eth^ene; 

Teat for luiaatnnitioii. — ^The presence ^ unsaturation in a hydrc^bon is 
readily detected by its decolorisation of bromine water or of cold dilute aUsaliiie 
potassium permai^anate solution (Bsmyer^a teat). 

Uaea. — (i) In the preparation of mustard gas, and in the artificial ripening* of 
fruits like apples, bananas and oranges, and as an anscsthetic. 

(ii) In the preparation of ethylene dibromide for *cthyl petrol’ containing lead 
tetraethyl ; in the manufacture of ethyl alcohol ; in malung the synthetig ^^asdcf, 
polythene and Ujlon, 


Acetylene^ H-C=C~ H 


History* etc , — ^Acetylene 
was discovered by Edmund 
Davy in 1836 but was 
eareiully studied by Berthelot 
(185^ who synthesised the 
gas from its elements by 
striking ' an electric arc 
between two carbon elec- 
trodes in an atmosphere of 
hydrogen (fig. 134). It is 
highly endothermic. 



2G + H, ^ G,H, -54,860 cals. 


It is found to the extent of 0.6 per cent in coal gas. It is formed when a Bunsen 
burner Strikes back*. • ^ 

Laboratory preparation. — ^Acetylene is prepared in the 
laboratory, also commercially! by the action of cold water upon 
calcium carbide. ^ 

CaCa (calcium carbide) .+ 2H80 = Ca(OH )2 + C 2 H 2 -\ 

A small heap of calcium carbide is placed on a layer of sand 
covering the bQttom of a conical flask. The air from the flask is first 
displaced by coal gas, and then water is allowed to drop slowly from 
a tap-funnel upon the calcium carbide. Acetylene is reaidly evolved, 
and is collected over water (fig. 60). -v “^1^3 - 


The acetylene from commercial calcium carbide has an lyiple^ant smell due 
to presence of hydrogen sulphide and phosphine usually. The crude gas is purified 
by passing through : (a) acid copper sulptiate solution which absorbs the HfS, 
and then (b) bleaching powder solution whereby the phosi^ine is o^dised axid 
retained as phosphoric acid. , 

Pure MCtylene is best obtained : (i) by passing the crude acetylene gas in 
amihoniacal cuprous chloride solution which absorbs acetylen^, giving a red 
precipitate of cuprous acetylide, GugG^, and then decomposing the cuprous 
acetylide by heati^ with strong HGl or potassium cyanide solution. The gas may 
be dried over PtO* and collected over mercury. 


CaHj + 2GuGl « Gu|Gs (cuprous acetylide) + 2HCI 

Cu,C, -h 2HC1 « 2Cua + G A 

Cu,C, + 2KCN -f- 2H,0 * 2CuGN + 2KOH + C,H, 


ill 


by dropping eth^ene bromide into boiling alcoholic potash, when pure 
^2 f^ves. MonobroiyHilfayl^ or, vin yl btolmdc. CH, » CHBr, h formed 
fotesTm^chate stage. ' .> 

CH*Br-Cai,Br KOH GHi to CHBr 4- KBr + H2O 
GHt rn Cmt a CH + KBt + K2O 
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PrgpertlM«~(i) A colorless gas with a tweq^edierealnneUwl^ 
.puit a (t^e unpleasant smdl of the gas is due to the ’|ne^ce of impwties 
such as' phosphine), acetylene iswghtly lighter ththi air, and spwtngly 
soluble in water — the gas is soluble in its own v<4ume of watd and 
my soluble in acetone,^ ■ 

(ii) Non-supporter of combustion, the gas bums with a^ smoky 
flame, separating much carbon and yielding water and carbon dioxide : 

' • 2C,H, 50, = 400, -f 2H,0. 

A mixture of acetylene and air explodes with violence when ignited. On account 
of its highly ^dothermic charcater, compressed acetylene is likely to detonate^ and 
therefore the gas is stored iijt solution (under pressure) in acetone al^rbed in a porous 
material — ^^cetone dissolves 300 vols. of the gas under 12 atmospheres. 

(iii) Acdon of chlorine. — ^Acetylene explodes violently if mixed 

with chlorine, depositing soot : C 2 H 2 + Clg = 2C + 2HC1. 

When small pieces of calcium carbide are dropped into a saturated solution of 
dilorine in a jar, there appear flashes of light with simultaneous separation of 
soot. 

But by the regulated action of chlorine on acetylene in presence 
of a mixture of sulphur chloride and reduced iron, acetylene dichloride, 
CHCl = CHCl, and acetylene tetrachloride {westron)^ GHClg.CHClg, 
are produced — they are used as solvents. 

CgHg + CI2 = CgHgClg ; C2H2 + 2CI2 = C2H2CI4. 

The acetylencc tetrachloride gives trichloroethylene, CHCl = GCl,, (westrosot) 
on cheating with lime. 

2CHClt^CHGl, + GaO — ^CHGl « GGl, + GaGl, + H,0. 

This reaction is typical of many reactions of the doubly-unsaturated compound 
acetylene (containing a triple bond between the carbon atoms) in which 4 univalent 
atoms or groups are added to a molecule of acetylene to yield an additive compound. 
The action with chlorine may be represented as : 

GH GHGl GHGl GHGl,. 

Ill +Gla=:|| il +G1, 

GH GHGl GHGl GHGl,. 

t 

(iv) Addidon reactions. — Acetylene combines additively with : 

(a) halogens,^ halogen hydracids, and strong sulphuric acid, etc. 
GH s CH + 2Br2 GHBrg-GHBr*. 

GH s GH + HBr GH, = GHBr (vinyl bromide). 

GHg = GHBr + HBr -> GH,— GHBrg (ethylidcnc bromide) 

(b) hydrogen in contact with platinum black or finely divided 
nickel to ethylene afid then ethane, 

GH s GH + Ha GH, = GHg (ethylene) 

GHa = GHa + H* GHj-GHa (ethane). 

Ethylene is made technically by pai:tial hydrogenation of acetylene in pre^nce 
of palladium at 270*’G. 

. (e) Acetylene is converted by hydradoii into acetaldehyde by 

I>a8St|ig into a hot dilute sulphuric acid at 60^0}* containing u»crcuric 
sidf^te which acts 1 ^ a catalyst : 

\l CH s CH + Had GHg-CJHO 



^ oAkBOH ^ 337^: 

The acctaUif^fyde Ja ecatverted to iihfidcohol CHtCHiOH ^ reducttoo*)^ 
liydro|f€n in prauilice of itidiel at 100 — 140"C and to autie aeid, CHtCOOHi 
oxkUt ion by air in presence of manganous acetiatte. These reactions are imponani 
technically. 

CH,-CHO+Hi « CH,CHaOH ; CH,-CHO +,0 «.CH*-COOH 

(v) Acetylldes. — ^Acetylene readily gives a red precipitate of 
cuprous ace^lide with ammoniacal cuprous chloride soluti<^ and a 

precipitate of silver acetylide with ammoniacal silver nitrate 
solution. These reactions provide a sensitive test for acetylene. 

CaHg+2Cua « CaCug+2Ha ; CaHg+2AgNOa = CgAgg+2HNOa 

Sodium acetylides G*HNa and G|Na, are formed by passing acetylene over heated 
sodium or a solution of sodium in diquid ammonia. S^ium acetylides are used to 
prepare alkyl derivatives of acetylene. Thus, sodium acetylide reacts with methyl 
iodide, CHgl, in liquid ammonia solution to give methyl acetylene CHs.C m GH. 

2 CM blCH + 2Na— .2CH = C.Na +Ji, 

CH = CNa + ICH, — ► CH « C.CH, + Nal, ' 

(vi) When heated to dull redness^ acetylene unde^oes polymerisation^ 
yielding benzene : SCgHg = CgHa. 

Aoetylene is a highly unsaturated compound and is also very unstable. The; 
greats unstability and higher reactivity ot acetylene compared to ethylene (which 
contains a double bond) is due to the psescnce of a triple bond in the molecule. 

Absorbent. — ^Ammoniacal cuprous chloride, bromine, fuming sulphuric addi 
and acetone are used as absorbent for acetylene. 

Uses. — (a) As an illuminant, and for generating oaty-acetylene flame for welding' 
and cutting steel ; (ii) For the manufacture of acetaldehyde, ethyl alcohol and acetic 
add ; (iii) In making synthetic rubber and plastics, (iv) Chlorinated acetylene, 
such as westroUf CaHiGh, and westrosol, GgHGlg, are non-mflammable liquids and 
are used as solvents for £its, oils and resins. 

, *Gy«iiogcii, (GN)|, is evolved by heating mercuric cyanide to dull redness in 
a hard glass tube. The gas may be collects over m-rcury. 

Cyanogen is a highly poisonous, colourless gas, soluble in water. With waiter- 
it forms hydrocyanic and cyanic add (cf. chlorine). 

Hg{GN), « Hg + (GN), ; (GN^^ + H*0 HGN + HCNO. 

It is absorbed by aUudi, forming cyanide and cyankte. 

(CN), + 2NaOH » NaGN + NaCNO + H^CK 

^Hydrocysuilc acid, HGN, is prepared by distilling potassium cyaj^ide with 
A, a mixture of equal volume of sulphuric acid and water — the vapour of HGN is evolved. 
This is dried oy caldum chloride auid liquefied in a tube cdbicd in freezing mixture ; 

KGN + I^SO^ « KHSO 4 + HGN 

Anhydrous hydrocyanic add is a colourless gas, b.p. 25.65^ It bums with a 
purple flame in air : 

4HGN + 50, « 2H,0 + 2N, + 4GO,. 

Jtisa dOMenm potsoH 0.07 g. is fatal). Jtls a very weak add, weaker than 
' evm the carbonic add. It is used in fumigation for klMing insects. 

A sohitioii of HjCN ll obtained by disdiling potassium ferrocyanide with dSt^te 
sulphuric acid (1 iQ*' A highly diluted solutkm.is jised as a remedy for bidtidual 
^ catardu p-c^.HGN it b caU^ /mkrir 

22 
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Separatiott of GH^ and G2II1 

Hie gas mixture is passed through ammonical cuprous chloride sduricm whea 
C 9 H 1 alone is absorbed, forming red precipitate of GusCg. 


Red precipitate of GuaC, is boiled with The mixture of residual gases GH 4 
KGN solution — ^pure GaH, is given off. and CaHa is passed throu^ futtung 

HaSOa, when GaHa alone is absorbed 
forming ethyl hydrogen sulg|iiate« 


The liquid containing ethyl The unabsorbed gas 

hydrogen sulphate gives off is GHa. 

Cal^ on beating. 

Hie compositiosi of gaseous hydrocarbons. — ^The composition 
•of gaseous hydrocarbons such as methane, ethylene, and acetylene, 
etc., is found by explosion with an excess of oxygen in a eudiometer. 
A certain volume of a pure hydrocarbon is collected over mercury in 
the closed limb of a U-shaped eudiometer — the level of mercury is 
&en brought to the same height in both limbs and the volume read * 
off. A measured excess of oxygen is then introduced into the closed 
limb and the volume of the mixture is then read after levelling the 
mercury. The open limb is then closed with the thumb and an 
electric spark is sent through the gas mixture — ^water and carbon 
dioxide are formed on explosion. The water condenses to liquid on 
cooling, occupying negligible volume. The eudiometer is cooled after 
^parking, the level of mercury is again adjusted, and the volume of 
carbon dioxide formed and the excess of oxygen left unused is noted—* 
iher0 alwqps occurs a contraction on explosion. 

A piece of solid caustic potash is then introduced into the closed 
limb when the carbon dioxide is absorbed. The volume of the residual 
gas which is the unused oxygen is finally noted. 

Let the volume of hydrocarbon » m r.c. 


volume of oxygen 
volume after sparking 
volume after KOH absorption 
volume of GO« formed 
and volume of Oa used up 
Now, vol. of Of used up in oxidising 


n C.C. 

=>» p C.C. 

q c.c. 

(m) C.C. ■■ a C.C. 
= (n-q) C.C. c.c. 
carbon » vol. of GOa formed « jr c.c. 


vol. of O. used up in the combustion of hydrogen c.c., which 

corresponds to a volume of 2 Ct— x) c.c. of hydrogen in the free state. 

The results actually observed are shown in a table 


Gas 

Vol. taken 
in C.C. 

Vol. of GOa 
formed in 
C.C. 

Vol. of Oa 
used up in 
C.C. 

Vol. of 6, 
combining 
with Ha 
in C.C. 

1 

Vol. of H, 
inc.c. 

Methane 

m 

m 

2 m 

m 

2m 

Ethylene 

m 

2m 

3 m 

m 

2 m 

Acetylene 

m 

2 m 

2.5 m 

0.5 m 

m 
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Hm fotmote 0f ilM b ydrDcmrboM.— The results of explosion show that t 
1 C.C. of methane giva 1 c.& of CiO^ and contains Hf equivalent to 2 c.& 
m the free state. 

/• 1 mole of methane gives 1 mole of GOt and contains 2 moles of hydrogen. 

By Avogadro's kypawifsis^ 

or 1 mole of methane contains 1 atom d* carbon and 4 atoms of hydrogm. 
since 1 mole of GO| contains 1 atom of carbon and hydrogen is diatomic. 

the formula of methane is GHt, which is confirmed by its vapour density 

of 8 

ih) 1 cx. of ethylene gives 2 c.c. of GOg, and contains Hg equivalent to 2 c.c» 
in tne free state. 

/. 1 mole of ethylene gives 2 moles of COg and contains 2 moles, of hydrogenv 

or 1 mole of ethylene contains 2 atoms of carbon and 4 atoms of hydrogen^ smee 
1 mole of COg contains 1 atom of carbon and hydrogen is diatomic. 

/. formula of ethylene is CgHg, which is confirmed by its vapour density 
of 14. 

(e) 1 c.c. of acetylene gives 2 c.c. of GOg and contains Hg equivalent to 1 c.c. 
in the free state. 

/. 1 mole of acetylene gives 2 moles of COg and contains 1 mole of hydrogen, 

since' 1 mole of COg contains 1 atom of carbon and hydrogen is diatomic. 

/. formula of acetylene is CgHg, which is confirmed by its vapour density of 13. 

FneL— A fuel is a combustible substance which evolves heat on ignition with 
die oxygen of the air. Ir may be solid, liquid, or gaseous, and always contains carbon 
and usually hydrogen also. The chief raw furl are coal and mineral oil (petroleum). 
Goal may be used directly as a fuel, or it may be converted into : (a) coal ggu 
coke by dry distillation, or (b) gaseous fuels such as producer gas, etc., or (c) liquid 
fuels by hydrogenation. , 

The destructive Mistillation of coal is known as carbonisation of coal* Coal 
may* be carlwniscd at high (about 1000 — 1200®) or low temperature (about 600^ 
650®C). In either case the main products are coo/ gas, coal tar and coke, but the products 
of the tivo processes differ in quality. 

^ Coal gas of the low temp^ature process has higher calorific value. Low 
i^perature tar yields, motor spirit and fuel oils on distillation, while that of thfs 
Other process contain! benzene, toli:^e, naphthalene, carbolic acid etc. Low 
temperature coke is soft ; it burns without smoke but more freely than the high 
temperature coke. The high temp^ature coke, on the other hand, is hard ^d is 
suitable in metallurgy ; it oums with smoke. 

The cahnfic value of a fuel is measured by the number of British thermal units 
(B. Til. U.) evolved by the complete combustion of 1 lb. of a solid or 1 cu« ft, of a 
gaseous fud. The calorific value of bituminous coal is about 14,950 B. Th. U. per lb. 
and that of coal gas is about 560 B. Th. U. per cu. ft, of the gas. 1 B. Th. U. is 
the amount of heat required to rabe the temperature of I lb. of water through 
1®F. 

Coal gas.— dCoal gas is the gaseous product, mainly a mixture of 
combustible g^kses, prrauced by the carbonisation (destructive or dry 
disdllation) of coal. Its approximate average composition in 
percentage by volume is : 

(i) Xoit-Ulwmatmg but htat-pnSewg : hydrogen ... 45—50 


Biummants {unsaturaUd hydrocarbons) 
pil) Diluents {inerts) 

(W) 


; hydrogen ... 45 — ^58 

methane ... 30 — ^50 

carbon monoxide 5—10 

: ethylene, acetylene and 
benzene ... 2.5—5 

; Nitrogen ... 2—10 

Carbon dioxide ... 0—2 

Oxygen ... 0—1 

: hydrogen sulphide, etc^ 
if any, 
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Besides the coal gas, other products (i.e. by-products) of distiltedoa 
of coal are tar, ammoniacal liquOT, coke and gas carbon. 

Goal gas was first obtained by Rev. John Clayton in 1688 by the destn^ve 
distillation of coal but it was first introduced as an illuminant by William 
M^ock in 1792. 

In. gas-works practice only bituminous coal is carbonised. 
Powder^ bituminous coal is distilled in a row of horizontal fiio 
clay retorts, externally heated by the combustion of proauccr gas 
in a furnace (fig. 135) — ^the temperature being 100^ to '1200®G. 
The volatile products given off arc led by vertical iron ascension 
pipes from the retorts into a long horizontal tube, called hydraulic 



Fig. 135 

main^ which acts as a water-seal, preventing any gas escaping when 
the retort doom are opened for recharging. In the hydraulic main 
partial separation into crude gas, tar and ammoniacal liquor occurs. 
Much tar and ammoniacal liquor separate and is deposited in the 
Jiydraulic main where the temperature is about 60® only. The gas 
leaving the main contains traces of H^S, NHj, HCN, and CS* as 
impurities. The gas next passes through : 

(i) a series of air or water-cooled iron pipes, called condensers^ 
where it is cooled to atmospheric temperature and hence more tar 
.and ammoniacal liquor separate and collect in the tar well in two 
layers — the top layer being ammonical liquor and the bottom layer 
tar : 


(ii) a rotary suction pump {exhauster) which drives the gas forward 

through the subsequent purifiers into the gas holHer. From the 
exhauster the gas passes to : • 

(iii) a tar separator in which any accompanying tar fog separates 
and deposits as droplets. The gas then passes through : 

(iv) an iron tower (called a scrubber) which is packed with cok^ 
and down which a stream of water trickles — ^all traces of tar and 
anmonia are washed away with water in the scrubber. The scrubbed 
(^Btill contaim H^S and CSg as impurities, and passes to : 


oxide spread on shelves. Ferric oxide reatets with the hydrogea 
VEtIphidc, forming ferric sulphide : 

2Fc4i>H), + 3H,S « FeA + 6HgO. 
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The oaude is revived by exposure to moist air, when siilpitist iS 
separated and hydrated ferric oxide is regenerated, to be usw^ iovcr 
again ; 2Pe,S, + 6H,0 + 30, = 4Fe(OH), + 6S. v 

When the iron onde contains about 50% free sulphur, it is used 
as a source for sulphur for making sulphuric acid, and is then known 
as spent oxide of iron. Purification of coal gas thus offers ' a meihod 
of recovqy of sulphur from coal. 

Carbon disulphide, CS,, is then removed by passing the gas over 
heated luckel at 430” when it is converted into hydrogen sulphide 
which is removed as usual by moist ferric oxide : 


GS, + 2H, = C + 2H,S. 

Sometimes HgS is absorbed by slaked lime, when carbon disulphide is also* 
•imulUneously removed as calcium thiocarbonate. 

Ga(OH),+2H,S = Ca{SH), -f 2H,0 ; Ca(SH),+CS, = CaCS,+Ht.S. 

The hydrogen sulphide liberated is absorbed in a second lime purifier. 

The sulphur content of coal gas is carefully regulated — the purified gas must 
'contain less than 1 part of HgS in 10 millions. 

Hydrocyanic acid HGN is removed either as fenocyanide by passing the gas through 
a purifier containing an .alkali and ferrous sulphate : 

FcSOg + 6HCN + 6NaOH = NagFeCCN)* + Na^SOg + 6H,0, 
or as ammonium itnotyanaU by passing the gas through ammoniacal liquor containing 
ammonia, ammonium sulphide, and sulphur in suspension. 

(NHg) A + NH4OH + HCN « (NH4),S + NH4GNS + HjO. 

The purified gas is finally stored in gas-holder, which are iron 
tanks floating on iron or masonry trough, containing water, by the 
aid of weights suspended by pulle^. 

The weight of coal gas obtained is about ii% of the weight of coal carbonised, 
i.e., about 380 lbs. per ton of coal. The tar^ ammoniacal liquors and coke form 

8% and 70% respectively, of the weight of coal. 

Goal gas bums with a smoky flame, forming GO, and H^O. It is a colourless 
gas with a peculiar smell and possesses reducing properties. Its calorific value is 
about 560 B. Th. U. per cubic foot. 

Goal gas finds extensive use as an illuminant in cities and towns — Welsbach 
mantle which contains thoria and 1 or 2 per cent ceria, is heated to incandescence 
in gas light. It is ako used as a fuel. Electricity is gradually becoming serious 
rival to coal gas, sinc€ the use of the former ensures better control of temperature 
and cleaner operation. Goal gas, however, maintains its position because of its 
important by-pix^ucts. Goal gas ako finds use in metallurgy. 

Carbonisation is^iow generally carried out in vertical retorts which admit of 
a continuous operation — coal is fed continuously to the top and the coke continuously 
drawn from the bottom of the retort. Goal k often carbonked in rake-ovens,, 
particularly when hard rake for metallurgy k required. Goke oven gas k more or 
tm similar to coal gas in ^Domposition. 

By-products of the coal gas industry. — (i) Goal tar : On 

fractional distillation it gives benzene, toluene, naphthalene, carbolic 
acid> creosote oil, etc. which are the starting materials for obtaining 
numerous dyes, drugs, perfumes and explosives. The coal tar pit(::n 
is used for road making. Coal tar directly or the creosote oil is used 
jibr preserving timber, water-proofing gunny bags, etc. 

(ii^ ^Aamnsoniacal liquor : On boiling with milk of lime it yields* 
which is usually fixed by sulphuric acid as anwwniwn sulpha^ 
as a fertiliser. 
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(iii) Coke : This is a residue left in th^ retort after the distiHation 
of coal and is extensively used as a domestic fuel and in metaliturgy. 

(iv) Gas carhoti s It is obtained as a hard dense d^osit inside tito 
retort due to the thermal decomposition of gaseous h^rocarbonS in 
contact with the hot walls of the retort. A good conductor of heat 
and electricity, it is used in making electrodes. 

(v) Spent iron oxide : It contains sulphur and cyanp^n 
compounds and is used for the preparation of potassium fertocyanute 
and for the recovery of sulphur. Gas lime (or spent lime) from 
the purifier is used as a manure. 

Crude benzene is nowadays extracted from coal gas by washing with a suitable 
oil, and i» recovered ; the naphthalene vapour present in the coal gas (which tends 
to deposit as a solid in the pipes) is also taken out by this process. 


Fuels produced by the gaeification of coke. — (a) Producer mo (also.mlled 
air gas), is obtained by passing a limited supply of air through a bed of umRs-Ael 
(temperature 1000 °G) coke — the reaction is sxothemic. 

The gas is made in closed cylindrical steel furnaces 
lined with fire*bricks, called producers (fig. 136) 
in which a large mass of hot coke rests on a grating 
G, through which the air is admitted. The coke is 
stoked through P, and E is the exit for the producer 
gas. The reactions in the formation of producer 
gas 2ore : 

2C + Oa == 2GO + 58,000 cals. (i) 

G + Oa = COa + 97,000 cals.* (ii) 

COa + G ^ 200-39,000 cals. (iii) 

Any GOa formed is reduced to CO by the heated 
coke ; the reduction is endothermic and hence the 
temperature of the bed of coke is kept high at about 
1 000°C. The ratio of CO/ GO, increase with increase 
in temperature. The producer gas is mainly GO 
and Na ; its average composition in percentage 
is ; Ha 10, CH 4 2, CO 20, GOa 4, N* 64. 
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Its calorific value is about 150 B. Th. U. per cu. ft. It is used as a fuel in heating:^ 
coal-gas retorts and in furnaces and gas engines. 

( 6 ) Water gas is obtained by blowing steam through a bed of whit»-h»i 
(temperature 1000 °C) coke — it is chiefly a mixture of equal volumes of carbon 
monoxide and hydrogen. The reaction is highly endothermic. Reactions are : 

G -f HaO CO + Ha — 39,000 t»ls. (bright red heat) (i) 

C - 1 - 2HaO COj + 2Ha -29,000 cals, (dull red heat) (ii) 

GOa -H Ha ^ CO + HaO - 10,000 cals. . (ni) 

The GOa is converted into CO at high temperatures by the water gas reaction — 
the proportion of GO increases with temperature : * 


Temp. ®G 

% steam decomposed 

H, 

CO 

eba 

840 

41 

61.9 

15.1 

22.9 

1010 

94 

48.8 

49.7 

1.5 

1125 

99.4 

50.9 

48.5 

0.6 , 


Steam is blown through a bed of incandescent coke in a producer but as the water 
|[as reaction absorbs heat and the coke-bed spradually cook, the proportion of COa 
in the gas goes on increasing. The supply of steam is, therefore, cut off after a time 
(E minutes), and air is blown in through the coke for a short period (2 minutes) until 
' the necessary high temperature tp begm the endoikemk umkr gas reaction k wgsdnad, 
Ithe air gas formra being turned to waste. So the blowing of steam and air alleniatea, 
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.The w^ter gas invariably contains some carbon dioxide. Its average composition Is : 
h, 48, CH 4 1» CO 42, GO, 3, N, 6. 

Its calorific value b about 300 B. Th. U. per cu. ft. It b added to coal gas to 
make town gas, and b abo used as a source for hydrogen, and as a reducing agent 
in metallurgy. Water gas is also called blue water gas, as it bums with a pde blue 
flame. 

(r) Semi-water gas b obtained by passing a mixture of air and steam 
continuQusly through a bed of red-hot coke — the amount of steam mixed with air 
b so adjusim that the endothermic water gas reaction is just balanced by the exothermic 
producer gas reaction, and hence the temperature of the coke is kept constant. The 
semi-Water gas b usually known as producer gas. Its average composition in percentage 
by volume b : 

H, 12, CH 4 3, GO 30, CO, 2, N, 53. 

Its calorific value b about 180 B. Th. U. per cu. fi. It is used as a fuel and as 
a source for nitrogen and hydrogen for the manufacture of synthetic ammonia. 

Mond gas b made with a mixture of air and a large excess of steam which keep 
the temperature low (650®) and allows the recovery of nitrogen of coal as 
ammonia. 

t 

Garlraretted water gas. — Water gas alone bums with a blue non-luminous 
flame but may be used^as an illuminant with Webbach mantle. It can be used 
as an illuminant by carburetting it, i.e., mixing with hydrocarbons, partly unsaturated, 
^hich bum with a luminous flame. ^ 

In making carburetted water gas two towers packed with chequer-brick, called 
carburettor and superheater, are placed after the water gas generator. During the 
^blow’ period (2 mhiutcs) air b blown through hot bed of coke in the generator, 
whioh b thereby heated to incandescence, and the producer gas formed b mixed with 
air and burnt in the carburettor and the superheater to heat the chequer-bricks. 
During the ‘make’ period (4 minutes) steam b blown through the heated coke, and 


on 



Fig. 137 


the water gas b passed through the hot carburettor down which b injected a spray 
of mineral oil which vaporises. The mixture of water gas and oil vapour then passes 
through the red-hot bricks in the superheater, where the oil vapour b cracked, i.e., 
decomposed into gaseous hydrocarbons rich in ethylene. The gas b freed from tar 
and then sent through a purifier in which H,S b removed by hydrated ferric oxide, 
and finally stored in gas holders (fig. 137). 

Dil.Gaa. — ^The oil gas b commonly used in many chemical laboratories in India. 
' It ,is usually prepared by cracking kerosene oil — a thin condnous stream (d* the oil 
: if allowed to flow into a cast-iron retort (fig. 138) heated to redness by doal-fire. 
TbeliquidLl^ytlrocarbons, of which the oil b i^e, crack, i.e., decompose into simpler 
, mc^ane, ethane^ ethylene etc. .The gas b first passed through 


OAMOK 


345 


tL scmbbiiig box in which the tarry matter is deposited* and then collected over water 
'in gas holders. 




Fig. 138 


Fig. 139 


Caldam carbide, CaC2, is manufactured by heating a mixture of 
'3 parts of quick lime and 2 parts of coke at a temperature of about 
2500 — 3000°G in an electric furnace. Lime 
must not contain magnesium oxide. The 
coke is the hard coke, free from dust and 
of low ash content. A carbide furnace is a 
steel box divided into compartments lined 
with firebrick and then an inner lining of 
gas carbon — a graphite block being stamped 
in the base to form an electrode. The other 
electrode consists of a bundle of carbon 
rods which is lowered into the furnace 
(fig. 139). The furnace is partly an arc and 
partly a resistance furnace. The reaction is 
GaO+3C == GaGa+CO. Molten carbide is 
drawn off, solidified and crushed to pieces. 

Hard, dark grey solid, it reacts with cold water, 
yielding acetylene : 

CaC, + 2HOH « C,H, + Ca(OH),. 

At about 1 100^ it absorbs nitrogen yielding a 
mixture of calcium cyanamide and graphite. It 
is used as a fertiliser under the name nitrolim. 

CaC, + N, = NaCaN + G. 

Carbon disulphide, GS29 is obtained by the action of sulphur 
vapour upon white-hot coke in a furnace (fig. 14P) fitted at the base 
with carbon electrodes to set up an electric arc. Sulphur is run under 
the electrodes and coke intr^uced above the electrodes. At the 
temperature of the arc sulphur volatalises and reacts with carbon, 

' yielding carbon disulphide which passes through a column of charcoal 
to remove any unchanged sulphur vapour. The carbon disulphide 
vapour condenses to a colourless liquid of b.p. 46^C. It is highly 
inflammable and poisonous. It dissolves sulphur, phosphorus and 
iodine. It burns in air or nitric oxide : 

aeSj+SOa =2CO+4SOa ; 2GSa+10NO « 2CQ +4Sba+SNr 
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Carbon di«ulph'4e iy to make viscose rayon (artifical silk) and in the 
vulcanisation of rubber. Sodium xanthate» made by heating GSg with alcoholic 
caustic soda, is used for ore floatation. 

It reacts with chlorine, yielding carbon tetrachloride — a reaction of commercial 
importance : GS^ + 3G1| — GGI 4 + SaGl|. A non-inflammable liquid, carbon 
tetrachloride is us^ as a solvent, and as a fire extinguisher under the name 
It should^ howemt not be spread on sodium firii as it reacts explosively with hot sodium. 

Comimstion. — Substances such as coal, oil, etc., bum in air or 
oxygtn with evolution of much heat and light — the burning of a 
sutetance in air or oxygen is ordinarily called combustion. The 
process is one of oxidation, since burning involves combination with 
oxygen. But in a more general sense : 

Combustion means any chemical reaction attended with evolution of heat 
and light. 

Substances like arsenic, antimony, phosphorus, etc., for ^mple, 
catch fire with flashes of light in chlorine ; this is as good an instance 
of combustion as of coal gas or hydrogen burning in air; Combustion 
may, therefore, take place even in absence of oxygen. Now, since 
oxidation involves combination with any electro-negative element such 
as oxygen, chlorihe, etc. combustion is a phenomenon of oxidation in a 
general sense, « 

Slow combiietioii. — Many substances, such as moist iron, undergo slow 
oxidation, when exposed to air, without qatchin^ fire, since the heat produced 
dissipates too rapidly to raise the mass to the ignition point — moist iron is converted 
into rust by what is called the process of slow combustion. Respiration is but slow 
combustion. 

> Eaiplooioii. — ^Explosion is an extremely rapid combustion, heat, light and ^so 
sound following in its wake. The rate of the chemical reaction is very fast in explosion. 
The velocity of a chemical reaction is slower at lower temperatures, and consequently 
if the heat of cpmbusion is rapidly lost by radiation or conduction, the inflammable 
mixture does not get sufficiently heated to burn fast enough to cause explosion. But 
if the temperature of the inflammable mixture is gradually raised, a temperature, 
known as the ignition temperature, is finally reached when the rate of the reaction is so 
fast that the heat liberated by the reaction exceeds the heat lost to such as extent 
that an instantaneous combustion or what is called explosion occurs. 

Sorfaoe combniadon — ^When a combustible mixture such as coal gas and air 
is injected through the pores of granular firebricks placed near or around the objects 
to be heated, the brick gets intensely hfated and a huge quanity of heat is concentrated 
at its surface, which radiates the heat to the object. This phenomenon of JtameUss 
surface combustion is of practical consequence as the transmission of heat to the object 
is extremely rapid. 

Incauidescfiice. — Incandescence is a phenomenon which is attended with the- 
emission of light, usually observed at high temperatures. It may or may not be 
accompanied by combustion. The incandescent light obtained by the combustion 
of magnesium involves a chemical reaction, viz., 2Mg + O. = 2MgO, whereas the 
limelight, i.e., the white incandescent light emitt^ from the surface of lime when 
the oxy-hydrogen or oxy-acetylene flame is impinged on it, is not attended with 
combustion, i.e., without any chemical change. The gas mantle is simply heated 
to incandescence to emit lig^t. 

The phlogiston theory of combustion (page 6 ) was discarded as a result of the 
classical researches of Lavoisier. 

Rcd^procal combasdon. — In combustion coal gas, hydrog^ 
te.yibum in an atmosphere of air — coal gas, hydrogen, etc., are said 
fi -nt embustUfU and the envelope of air supporter comiustum. But 
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the oombuistion wcmid also take place equall^ well if tte coal gas 
or hydrogen be the enveloping medium, since it is the chemical reaction 
between coal gas or hydrogen and air that is taking place. The 
functions of the sul}stances that are combustible and supporter of 
combustion are, therefore, interchangeable, and the terms combustible 
and supporter of combustion are relative and are determined by 
experimental conditions. gk 

Experiment.-— A glass chimney (fig. 141) is fitted AS. 

with a cork at the iMttom through which pass two I i| 

tubes, and covered with an asbestos sheet with a hole I It 

in its centre. The chimney is filled with coal gas which / K 

is passed through the shorter of the tubes. Goal / ^ 

gas, escaping at the top of the chimney, is ignited i A 

when a gas-flame in an envelope of air is produced. f ni 

Air is passed through the longer tube and igpiited I III 

by pushing the tube up to the burning coal gas and \ JV 

is then pushed down to the middle of the ^imney 
when an air flame in an envelope of coal gas is obtained. 

Hence the terms *combustibU* and ^supporUr of 

oombustwn* are relative. It is known as reciproeal 1 ♦Jjf* 

combustion, ^ | 

The experiment may be carried out with any SB 


pair of gases which show the phenomenon of com- |||Aia 

bustion, e.g., hydrogen and oxygen ; methane and Fig. 141 

oxygen. 

Ignidon point. — For every combustible substance there is a 
temperature which must be reached before it takes fire in air — ^thk 
temperature is known as the ignition point. A substance, such as 
phosphorus, whose ignition point is below the atmospheric temperature 
spontaneously catches fire in air. Phosphorus dihydride, P^H^, is also 
spontaneously inflammable. 

During his investigations on the causes and prevention of explosions in coal mines, 
occasion^ by the ignition of mixtures of methane and air (foe damp) when naked 
flames were used, Davy in 1815 carried out the following experiments on the ignition 
of combustible gases : 

When a wire gauze of fine mesh is pressed over a Bunsen flame, the flame does 
not pass through the gauze, owing to the cooling effect produced by the conduction 
of heat by the metal ; but on holding the gauze for some time,*the temperature of 
the metal reaches the ignition point, when thecas ignites and bums above the gauze. 

Similarly, when a whe gauze is held over an unlighted gas burner, the gas passing 
uirough may be ignited above the gauze, but the flame 

S does not pass through and ignite the gas below the 

9 ^ The ignition point of methane was fdbnd to be high, 

so that it was not kindled by red-hot metal. 

These experiments led Davy to the invention of 
sqfety lamp bearing his name. It is essentially an oil lamp 
(fig. 142) enclosed in a cylinder of fine wire gauze. 
When such a lamp is taken in coal mines where the fire 
^ damp exists, the latter passes into the lamp inside the 
gauze and burns there. But the flame is not propagated 
tor to the gas outside, since the heat is rapidly conducted 
away by the metal gauze. Hence the inflammable 
atmosphere outside^never reaches the ignition point. 

Ine flask point of a liquid fuel, such as kerosene oil, 
is the temperature at whldi it gives out a vapour wbidi 
Fig. 142 b ignited by a flame. 
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Fig. 142 
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Fbme. — When a^mbustible gas or vapour bums, the hot growing 
atmosphere immediately above it may be described as the flame. It 
may be defined as a zone in which chemical reaction betwem gases takes 
place with evolution of heat and lighL Much energy is lib^ted. in 
chemical reactions producing a flame, and the emistion of light if 
caused by the chemical reactions. 

The flame may either be luminous or non-lutmnous. Ethylene, 
acetylene, coal gas and candle flames are all luminous. The alcohol 
and the Bunsen flames are non-luminous. Hydrogen burns with a 
pale blue but hardly visible flame. 


Chemiluminescence may be regarded as a cold flame» i.e., light without heat. 
Phosphorescence, i.e., tne glow of phosphorus in the dark is a familiar exami>le. 
When ether is topped on a hot iron plate so that it is not kindled, a greenish 
phosphorescent flame is noticed in the dark. 

Combustible liquids such as parafHn, and solids such as wax, sulphur and 
phosphorus, can burn with a flame only when they are first converted into their 
vapours. An incandescent mass of coke, on the other hand, burns without a flame. 

Tlie stracture of flame. — ^The structure of flame depends upon 
the nature of the gas. A hydrogen or carbon monoxide flame burning in 
air or oxygen, cdhsists of two zones, an inner cone of unburnt gas and 
an outer cone where the combustion takes place. • 

2H, + Oj = 2HaO ; 2CO + O, = 2COa. 

The ammonis flame in oxygen has three cones, an inner one of unbumt gas 
surrounded by a yellow cone where decomposition of ammonia takes place, 
2NHt % Ng + 3Hg, and an outer pale greenish yellow cone in which hydrogen 
burns. The structure of a flame of hydrogen sulphide or carbon disulphide vapour in 
air or oxygen is similar. 

Candle flame . — K candle flame (fig. 143) consist of four zones — 

(a) The dark inner cone of onbnrnt gas or vapour of wax ; this 
is the zone of no combustion, 

A match head quckly thrust inside this zone, does not ignite for some time. On 

inserting one end of a bent glass tube inside the inner 
zone, the unburnt gas passes out of the tube and may 
be ignited at the upper end. These experiments show 
that the flames are hollow. 

(b) A brighdy luminous zone of partial 
combustion, occupying most of the flame. The 
luminosity is due to incandescent carbon particles. 
Soot deposits on the outer surface when a clean 
porcelain basin is held on the luminous flame. 
It is the reducing flame. 

Hydrocarbons are thermally decomposed at this 
zone into free carbon particles and acetylene and other 
dense hydrocarbons which are but incompletely oxidised 
here. 

(c) A bright blue region at the base of the flame where 
combustion takes place without separation of carbon ; 

At the blue zone at the base the hydrocarbon is partially oyldised to GO which 
the characteristic colour on burning : 

CH 4 + Og « CG4. H, + HaO 
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(d) A fiUndy IimiiiioiiR mantle, sur^undin^ the flame 
completely. This is the zone of complete combusnon, as there 
is free access of air at this region, and hence tl]|e hottest region, h is 
the oxidisittg zone. 

The candle flame is a typical hydrocarbon flame. The 
losiiinoiie coal gas flame, i.e., the Bunsen flame with air hole closed 
is similar to the candle flame. 

Faraday’s . experiment. — ^The structure of a candle flai^ is 
shown by the following experiment of Faraday. The short end of a 
glass siphon is lowered into the flame 
and the long end inside a flask (fig. 144) : 

(i) With the tube in the inner cone 
of unbumt vapour, i.e., just above thfe 
wick, white vapours of wax pass over 
into the flask ; (ii) on raising the tube 
into the bright luminous zone, dense 
black vapours containing carbon 
particles, pass over ; (iii) on raising the 
tube further in the outer mantle, water 
drops collect in the flask, and also carbon 
dioxide as is shown by adding lime Fig. 144 

water which turns milky. 

The luminosity of flame.-70ne or the other or often two or 
three together of the following causes, are responsible for the luminosity. 
They arc : • 

(a) Presence of incandescent solid matter in the flame : 
Accoiding to Dairy (1816) the luminosity of a hydrocarbon flame is 
due to the incandescent solid carbon particles pr^uced in the flame 
by the thermal decomposition of combustible gas. The presence of 
solid carbon particles in .luminous hydrocarbon flames is a fact to 
support Davy’s theory. 

Flames containing solid particles, such as those of Mg, Zn, and K in oxygen 
are highly luminous. 

A non-luminous flame is made luminous by introducing solid particles into it. 
Clouds of smoke from burnipg camphor, for example, when admitted through one 
of the air holes of a Bunsen burner by means of a funnel tube render the flame 
luminous. 

Goal gas flame is made luminous by inserting a gas mantle in it. Oxy-hydrogen 
flame, when directed against a block of lime, pi^uces intensely \^ite light. 

But Davy’s, theory alone b not sufficient to explain luminosity in all cases. 
Phosphorous, phosphine, H^S, and GS„ etc., for example, bum with a luminous 
flame which are unlikely to contain any solid particles af the high temperatures 
attained. 

(b) The presence of dense gas in the flame : Frankland 
obsi^ed in 1861 that the luminosity of a candle flame on the top of a 
mountain is much feebler than in a valley. He further noticed that a 
candle or coal gas flame in a partly exhausted bell-jar is much less 
luminous than in free air. Cionsequently, the denser a gas, the greakr 
the luminosity of its flame. Luminosity is, therefore, increased by 
compression. . 
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Hydrogen bums in o 3 ^en under n pressure of 20 atmospheres, giving a luminous 
flame. An alcohol flame fniming in air at 4 atmospheres becomes lummous. 

The luminosity of |:oal gas flame» according to Frankland, is due 
to the glow of incandoicent dense gaseous hydrocarbons like naphthalene 
and benzene vapours. 

But the presence of solid carbon particles have been proved in luminous 
hydrocarbon flames. Frankland*s theory may apply to flames where no solid particles 
are present. 


Adeording to Lewis the luminosity of a hydrocarbon flame is due to the 
intermediate formation of acetylene — heat of decomposition of endothermic 
acetylene adds to the temperature of the flame. Carbon is separated as fine 
particles. 2 CH 4 =. C,H, + 3H, = 2G + 4H*. 


(c) The temperature also affects the luminosity of flame ; 

The higher the temperature, the 
greater is the luminosity. This 
explains the luminosity of the flame of 
carbon disulphide or phosphine-r-no 
solid particles separating during their 
combustion. 

The Bunsen burner. — The 

Bunsen burner (fig. 145) is a device 
for burning coal gas — the soal gas 
being mixed with sufficient air brfore 
combustion. It consists of a base 
with a side tube ending in a jet, over 
which is screwed a metal tube, called 
burner tube, with a hole (air hole) 
opposite the jet— round the tube is 
slipped a short metal ring, called sir 
regulator, with a hole corresponding to 
that in the tube. 

The side tube is connected by a 
rubber tubing with the main gas supply 
— the stream of coal gas passing out 
of the jet causes a reduction of pressure, 
l^nd with the m hole open, air is sucked 
in through it into the burner* tube and mixes with the gas. The 
mixture of gas and air bums on ignition at the top of the tube, giving 



The BuAsen flame. — (i) With the air holes closed, the coal gas 
burns at the top with flickering lumiaoue flame and resembles die 
structure of a candle flame and consists of four zones, vide supra. 

(ii) With the air holes open, sufficient air is drawn in through the 
burner tube and gets mixed with the gas — the combustion is therefore 
complete without any free carbon particles remaining in the flame to 
render it luminous. The flame from the combustion of such a mixtmre 
differs fmm the former in as much as die outer zone of complete 
combustion increases in thickness, the luminous region gradually 
disappears and the flame becomes shorter and steady, and an inner 
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cone of pale blue colour is seen and the coal f as-air mixture burns 
with a sion4usiimou8 flame with two ebnei : 

(a) a pale blue inner cone of gas witb ficipient combustion — 
ti is the reducing zone : The inner cone becomes green and shrinks 
when a large volume of air is admitted, (b) a still paler blue outer 
cone of complete combustion — it is the oxidising zone. The outer 
cone remains constant in size. The tip of the outer cone is the hottest 
part of the flame. Incomplete oxidation of the hydrocarbon gases 
occur in the inner cone with the formation of reducing gases CO 
and H 29 which burn completely in excess of air in the outer cone. 

The more the air that is sucked in, the hotter the flame. ^ But the inner cone 
becomes grem and the flame begins to ‘roar* when a large quantity of air is admitted. 
With too much of air or too less of the gas, the flame strikis backf from the mouth 
of the burner, i.e., runs down the tube, and the gas begins to bum at the mouth of 
the jet. Acetylene is formed when the burner ‘strikes back* and the gas bums at 
the jet, and the burner tube becomes extremely hot. 

The flame is prevented from striking down by keeping the upward speed of the 
gas-air stream equal to the speed of the propagation of the flame downwards. When 
a flame strikes back, this is avoided either by decreasing the air-supply by regulating 
the air-holes or by increasing the gas supply. But the best course is to turn off the 
gas, as the air-gas mixture becomes dangerously explosive, 

NottJmnlaoaity of the Bonseii flame. — ^Three factors, yiz., oxidation, dilution, 
and cooling, play a part to make the Bunsen flame non-luminous : 

(1) Oxidation : — ^All the carbon is burnt without previous deposition, there being 
therefore, no free carbon particles in the flame to add to its luminosity. 

(tt) Dilution : — ^When the air-coal gas mixture is diluted before combustion with 
inert gases such as GO|, N« and steam, the flame is rendered non-luminous, higher 
temperature being requirecl for the separation of carbon from the crluted coal gas. 

(ttt) Cooling : — hydrocarbon flame becomes non-luminous on being cooled, on 
bringing a cold piece of iron plate in contact with a luminous flame of coal gas burning 
at a fish-tail burner, the flame loses its lununosity but no soot is deposited. Goolis^ 
and dilution hinder the separation of carbon prior to the gases rea^ the outer zone 
where complete combustion occurs in excess of oxygen. 

The Bunsen burner was devised by Robert Bunsen in 1855 and is commonly 
used in the laboratory. Teclu and Meker burners are also in use when a very hot 
flame is required. 


The temperature of flames in degrees Centigrade arc as follows 

Bunsen-coal-gas flame 
Acetylene-air „ 

Hydrogen-air „ 

Methane-air „ 

Caron monoxide-air „ 

White heat 1200**. Dull red heat 500**G. Bright red heat 800^^. 


1871® 

Oxy-coalgas blow-pipe 

2200® 

2548® 

Oxy-acetylene 


3200® 

1900® 

Oxy-hydrogen 

»9 

2420® 

1670® 

Elearic arc 

99 

3760® 

1700® 

Sun 

99 

7800® 


Ezerdsee * 

1. What is meant by allotropy ? Give an account o^the different allotropic 
forms d carbon. How would you establish that diamond is nothing but carbon ? 

How would you show that all the allotropes of carbon are one and die 
same element ? Nagpur *30 

2. Describe one method in each case by which (a) carbon monoxide, (b) carbon 
dioxide can be prepared in the laboratory. Under what conditions do these gases 
react with caustic s^a ? How would you analyse quantitatively a mixture of carbon 
monoxide, carbon dioxide and nitrogen ? 

3. Describe how the composition of carbon dioxide has been determined by 
weight and by volume. What function does the gas play in the growth of plants ? 

Cawttta inter. 



m 




' 4. Explain tbe t^tions that take place when (a) calcium enrhonate is heated 
with cokCf (b) carbon dkn^e is passed into lime water, the tdlid product, that 
sepajmtes on continued-passing of carbon dioxide, into causuc soda solution, is heated, 
(d^ ^arbon dioxide is passed over red hot charcoal, (e) ignited magnesium inserted 
m a jar of carbon dioxide, p) carbon monoxide is passed over finel> divided nickel, 
(g) carbon monoxide is passed over heated iron oxide. How would you prove 
that a . carbonate contains carbon ? 

5. How is methane usually prepared and purified in the lal^ratory ? What 

happens when it is (a) led over red hot copper oxide, (b) burnt in an atmosphere 
of cUorinc ? How would you prove that 2 volumes of steam and 1 volume of carbon 
dioxi(!e can be obtained from 1 volume of methane ? Madras Inter. 

How could you distinguish between hydrogen and methane ? 

6. What is meant by the term hydrocarbon ? Compare the properties Of 
methane, ethylene and acetylene. How are they detected in a mixture, and separated 
from ea^ other ? Deduce a general method of finding their composition. 

Calcutta *59 

7. How is acetylene prepared and purified in the laboratory ? Explain what 

happens when it is (a) led into a jar of chlorine, (b) passed into hot mercuric sulphate 
in dilute sulphuric acid, (c) ammoniacal cuprous chloride solution, (d) passed 
through a red hot tube. CaUtmta *59 

^ 8. How would you remove small quantities of (a) carbon dioxide from ethylene, 

S ) parbon dioxide from csirbon monoxide, (c) acetylene from ethylene ? Discuss 
e reactions of chlorine with methane and ethylene. How would you establisb 
that a carbonate contains carbon ? . ^ - 

9. Describe die changes which take place when (a) air, (b) steam is passed 
over heated coke, and explain the bearing of the changes on the method us^, for 
the manufacture of water-gas. How is hydrogen obtained from water-fas ? 

Bmhaf Inter. 

10. What is coal gas ? Describe the.preparation and purification of the gas^ 
What are the by-products of coal gas manufacture ? CaUuUa *53 

** 11. Explain clearly what is meant by the terms combustion and oxidation. 
Show by means of suitable experiments that the terms combustible and supporter 
of combustion are only relative. What is meant by slow combustion ? 

4 . Punjab *49 

12. What w a fiame ? Explain fully ^hc structure of a candle flame. Is thero 
any difference between a candle flame and that of a Bunsen burner ? If so, explain 
' the nature 'and cause of the difference. What are the cause of luminosity of a 
flame ? ^ Jfagfatr *3^ 

13. What is m^^ant Ignition point ? Describe Davy’s experiments on the 
igiiution of gases. What is the cause of explosions in coal mines and how exQ it 
be prevented ? 

14. How would you distinguish between two gas-jars that contain : (a) nitrogen 
and carbon dioxide, (b) hydrogen and carbon monoxide, (c) carbon monoxide 
and carbon dioxide, (d) ethylene and acetylene, (e) n^than** and carbon monoxide. 
How would you analyse quantitatively a sample of gas containing ethylene, 
acetylene and methane ? 

15. Explain Vbat is meant by carbonisation of coal. Describe in outline the 
manufacture of. coal gas. What are the main constituents of coal gas 7 What is 
the structure of the coal gas flame when die gas is burnt in a Bunsen burner : (i) with 
air hole open, (it) with air hole closed ? 

How would you determine the amounts of hydrogen, methane and carbon 
monoxide in a sample of coal gas ? 

16. How would you convert (a) carbon monoxide into carbon dioxide, (b) carbon 
dsOKide into monoxide ? Calculate the weight of carbon dioxide that can he obts^bcd 
by beating 21 gm. of sodium bicarbonate. Ans» gp)« 

How would you obtain a sample of solid sodium bicarbonate ? ' ; ’ 

17. What reactions take place when air is passed through a tube oonialnih|f^; 
fa) a kttig layer of red-hot coke, (b) a short-length of red-hot coke ? What air6 
products when (a) carbon dioxide, (b) steam, arc passed separately through a 
IspoC hbarooal beahMl to bri^t redness ? 





r vl## £k>w you Wcmlil hmx limeltoiic 

piiliMly burnt 81^ I , . \ 

(b) crystaUine abd^um carbonate fitun a sample offodium bicarb^te ; 

(c) car]|ton dioxide iW>m carbon monoxide. How would you detect trades 

carbon mimoxide in foul air ? * 

19. Describe manufacture of oil-gas in your college laboratory. 


XXIV 

Phosphonw 

Formula P4 ; Atomic weight 30.98 ; Atomic number 15 ; B. Ft. 280.5^ ; M* Pt« 
44. P ; Density 1.83 yellow, 2.20 red. 

Discovery. — In 1674-5 Brand, an alchemist of Humbui^, who was seeking 
philosopher’s stone, accidently discovered phosphorus by distilling evaporated urine 
— ^the phosphate, Na(NH4) HPO4, in the urine on heating forms the metaphosphate, 
NaPOa, which is reduced to phosphorus by carbon separated from the charred organic 
matter. 

4NaPO, + 5G = Na4P.07 -h 5CO + 2P. 

The element was called phosphorus, since it glows in the dark (PAos = light ; phero « I 
bear). In 1777 Scheele made phosphorus by dinilling phosphoric acid with 
charcoal. 

Ocenrrcitoc. — ^Phosphorus occurs always in the combined state and mainly 
as phosphates. The diief minerals are : flaomiMitite4 3Ca4(P04)t»CaF4, and 
chlorapaHtc, 3Ga4(P04)4, GaGlg — they are hard phosphates and are insoluble in 
dilute acids. Other phosphate minerals are ■o m brc r itc and phMplioritc^ 
Ca,(P04)4, vitfianiUy 8H4O, and wavcUte, 4AlPO«, 2Al(OH)„ 9H4O. 

Goprolitea (calcium phosphate from fossil excreta) is a soft-phosphaU^nd is soluble in 
dilute sulphuric acid. • 

As a nomal constitutent of plant and animal tissues, it is essential to their growth. 
It occurs especially in seeds, the yolk of eggs, the nerves and brain, and bone marrow, 
usually in the form of UciUiins or glycero-phosphates. It is an essential constitueiiT 
of bones in the form of calcium phosphate. Bones contain about 58 p.c. calcium 
phosphate plus some calcium carbonate, fat and nitrogeneous organic matter. The 
fat niay be extracted with carbon tetrachloride, and the organic matter dissolved out 
with hpt water wider pressure as glue or gelatin, and the residue then charred in closed 
retorts to form animal charcoal which is used in decolorising sug^. When no longer 
active, this is burnt to yield a residue called beme aah, containing about 80 per cent 
calcium phosphate, with a little calcium carbonate and fluoride. Bone ash is an in^wrtant 
source of phosphorus. 

The pregMiratieii of phosphorus— 

(i) In the old process bone ash or soft 
mineral phosphate was decomposed by hot 
and fairly strong ^60 per cent) sulphuric 
acid, yielding phosphoric acid and insoluble 
calcium sulphate which was filtered off. 

Caa(P04)t+3H,S04 = 3GaS04+2H,P04. 

The filtrate was concentrated to a syrup 
mixed with charcoal and dried until the 
phosphoric acid was converted to meta- 
phosphoric acid, HPOf. The dried mass was 
dutiued in fire clay retorts (fig. 146) at 
bright-red heat-*the vapour of phosphorus 
passing over was condensed under water. 

HtP04 ^ HPO*-|-HtO ; 

4HPO,+12G » 

Hds process has b 

2S - 


rig. ivo 


iHh2H,+12G05^ 
m superseded hy the electric furnace method. 



|iting»a pbosphSte min^al wth sand and- jcwef^ ftt a 
, iicu^ic^tUFe in ap elccmc furnace by the Rtadmen, FsfMw isw /Ziwawn 
proetss.. A mixture of bone asK oi; xni^al pho^b^te .su<A as ab^k, 
sand imd cekd. is.introduced through a hdpper intp a closed, elec^jvrpau 
mac^ df"bifck woA*"(fig. 147)— the charge bein| carried mto tlm 
furnace by a aef^w, conveyer. An electric arc is struck bepvet^ 



Coke , sand 
& rock 


Carbon . 
Electrodes 



CO 

r 




nrbon dcctrodcs set towards the bottom of the f^upoace^ ^ il^t die 
At the high temperature of the fumaci,'- at da^t 1150®, 
displaces the more strongly acidic phosphorus pentomd^^ owing 
m the volatility of the latter, forming calcium silicate^ Phosphmrus 
pentoxide is then reduced by the coke at about 1500® , to phoqdmSiis 
vapouk and carbon monoxide which leave the furnace by an exit at 
the top and bubbles through water under which phosphorus vapour 
condenses to 'yield white phosphorus and GO, passes out* Fuwblc 
calciunsk silicate is run off at tlie bottom as a slajg. 

Ca,(P04);+^SiOa = SCaSiOa+P.O* ; 2PaO5+10G « P4+IOCO. 

Crude phrtiphorus thus obtained b mdted under hot water to separate it ton 
sand/smd stirtod with a mixture of potassium dichroma'^e and strong sulphunc rad ; 
some impuriliei are oxidised and pass into solution^ and others separate and nse 
as A scum ; the liquid b filtered by pressing thtoi^ chapiob leather, cast into stteks 
by Running into glra tubes cooled inTwater and fii^y packed with wator m tm eans* 
WHiephosphmu is stored and transpor^d under water asjii inflames inaif, / 4 , 


White (or yell^>yj^ 


^jwCWaxy, virhite, crystali^e, y«Ry 

iti mtfx ;i(i ^ ^,000) bH f«#^ ^ 

, jcfbt^i <^V*i oC feeiwcnfr )iaa l^t iS a 

„ a^, elie^dty. ‘ It is 

;-®8 vapaur density dSirre|^K^vWuh P». ,, j ; ^ 





aur iM; the low of 3^^ 

rpOBtoxide^ and hei:ice phospfmusis alwajk kM' ‘ 
utuUfwdf^. 4P + 50t «» 2P«Oi. ^ 

Exposed to air at the €i^|dUiiary temperature white phoflphohpi 
undergoes spontanedus oxidation^ yielding white fuihj^ of a.liow^ 
oxide and son» ozone and emitting a green ghw or 
visible in the dark* , # " 

Even a trace of phosphorus (1 in 500,000) gives this glow and its formation Is 
used to detect , phosphorus cases of phosphorus poisoning. 

Bint» On carefully hclding concentrated sulphuric add to a mixture of pieces 
of white phosphorus and potassium chlorate kept under water in a jar, phoq^inorus 
ignites under water, giving sparks of fire under water. 

Wmpt* Small pieces cS phosphorus are placed in a test tube half-filled with 
water— the tube is supported in a b^er of hot w^t^. On gently beatidg the water 
in the beaker to 60** and slowly passing oxygen fhrough the tube tbfTplbspbSiW 
melts, tgkes fire and bums under water. ^ 

S. — -A solution of phosphorus in carbon disulphide is poured on' i 
of blotting paper ; the carbon disulphide rapidly evaporates, bM the ' 
infiames, yiddmg white fumes of phosphorus pentoxide. 

ExpfU 4. — Gold flame mqpertmeiit.— Few pieces of dry white phoqdiohli. tat 
placed in a fi^ and covered with dry glass wool— the flaSk U fitted with a cojrlf: and 


two tubes. The flask is heated on a water-bath and a stream of caurbon dimdde it 
passed through. The phosphorus vapour carried along with the got oxidltef in 
the air aiM a green flame of glowing phosphorus is product at the mouth the exit 
tube. The flame is quite cold to wefland and docs not kindle a match. 

The phosphorescent light of fireflies is due to the oxidation of nsubstanoe known 
as by the enzyme ^ \ 

(iii) It inflames spontaneously in halogens, yielding, balidcf of 

phosphorus : ^ 

P4+6Cl,=4Pa,; P4+10a,=4Pa,; P4+6I,«4PI,. * 

(iv) it dissolves in hot caustic alkali, yielding phosphiiie dflet 
hypophosphite : P^+SNaOH+SH^O = PH,+3NaH,PO,. . / 

(v) It is oxidised to phosphoric acid by hot concentrated nitriG 

acid. P 4 + 10 HI^O,+HaO = 4 HaP 04 + 5 N 0 + 5 N 0 |. , 

White pho^horus must never be touched wUh fingers* It is cut under wetar with a kntff 
uang tongs. ^ . 

(vi) White i^o^orus reacts with cold copper sulphate, metallic omer t 
white phosphorus, if accidentally dropped on^chc hand, may be removed by wamng 
with copper sulpmite solution : 

2^ + 5GuSQ 4 + 8H,0 * 5Cu -F 2H,P04 + 

Gollotdal solution of gold is obtained by reducing auric chloride solution with 
phosphorus dissaved id ether. 

Pho^horus liberates iodine from acidified potassium iodate sdulloa. 

2P + 21HO, + H,Sp« + 2H,0 = 2 BUPO 4 + K.SO. + f,. " ; 

b cua of phoq^oru. pentontag copper sutphate is adnunistered as an emefiet 
foQdwed by hydrogen peroidde. 

AUotrbpy of plMqplioni8.<^Two mam allotropes oS phof^oras 
(uret (a) (or ^j^io) fhosphmst (b) red phoipKow. v^te 
l<. iaistastable,at me ordinary; temperature usd k'doii^ 
tnutfiformied boto tlie atfd]^ Kd variety witb- evolution ct heit» 





eiaiam 


phosphwtis is obtained bj^sufajeetiw 
deetric aiseharges or by 'heating it at 25Cr 
1 ot carbon dioxide in presenOeiof a trace 


^ " jHWi . poospimuia* 

Sijibi^ T^oB^fhorvIt to si 
an atmosphere nit 

]ftcd phmphoms is obtained by beating white phosphorus in a 
cast hbn pjaft (fig. 148) fitted with ^ air-tight cover through which 

passes an upright tube, open at both ends, 
so ^that the pressure inside the pbt docs 
not exceed one atnuiimhere.. The tempera- 
ture is kept at 240°. A portion of 
phosphorus is oxidised by the oxj^en of 
air in the pot, and the iest is slowly 
transformed into solid red phosphorus. 
The red phosphorus thus obtained 
cooled, ground under water, l^led y ' 
caustic soda solution to , remove Jlkt^ 
unchanged white phosphorus, and filtered* 
It is then washed with hot water and dried 
with steam. " 

On '^heating, the red phosphorus is directly 
converted intb vapour, which condenses to white 
Fig. 148 phosphorus oil cooling. 

Ei9erlmeiit«-x4kmvcnloii of red plUMwlioruo to ydllow t A little red 
phosphorus is plac^ in a hard gl^ test tube, ntted with a^ rubber stopper and two 
tubes. "The air within the test tube is displaced by a current of car^n dioxide. 
T3;ie red phosphorus is then heated in a slow current of carbon dioxide when white 
psl^phoria condenses on the upper cooler part of the test tube. 

Besides the r^ phgsphorus, other s^ble forms of phosphorus are : (i) acmrlet 
gjiiiilwplMinM,^ amotiAous, prepared byihpiling a solution of white phosphorus in 
phMptiorus tribrpmidc for several hours, (K) violet phoephonie, crystalline, and 
non-conduCtor OT elec^city, prepared hf c^tallising white phosphorus from molten 
lead,, and (iii)'-^ll|ck phoiudioni^ crystalline and fairly good conductor of 
heXtuig white phosphorus at 200*’ under JZ^OOO atmospheres. 
AU the , forms ar^ ^Insoluble in GSg. ^ C 

/ Ordinary red j^hosphorus is a mixture of scarlet and vfolet phosphorus. Reddish 
violet crystalline soljd without any smell and taste, non-^isonous^ insoluble in water, 
ether, carbon disulphide and caustic alkalis, red phospnorus is quite stable at the 
ordiiuuy j^emperature, and does not spontaneously inflame in air. It bums in chlorine 
when he^sd. Commercial red phosphorus is a feeble conductor of electricity. 

CosnpariaM tif wliite and wed plidaphoraa*^White phosphorus is unstable ; 
it dowty. passes into red phosphorus which is stable. White phosphorus is however 
more reactive chemically than red phosphorus. They differ greatly in their physical 
and chemical properties s 



Property 


1. Colour 

2. Smiell 


3. ^lecific gravity 

4. Mehing point 

5. Boiling point 
Ignition temp, in air 

7. ^ulnlity in water 
.l3.aiauW8tyinCSg 


White phosphorus* 

Colourless or pale yellow 
Garlic smell 

1.83 

44.1® 

280.5® 

35®C 

Very spa^^^uble 


Red phosphorus 

Reddish-violet 

Cklourless 

2.20 

592.5® under pressure 
Vcryhirii 
26 TO , 
Insoluble 
Insoluble 





.jiftOWRHOliVI 


say 


9. Action of* Irfr ■'' 


10. Action of chlorine 

11. Hot caustic alkali 

12. Chemical activity 

13. Electrical conductivity 

14. Stability 

15. Physiological action 


SponUuieous oaidatioi\j 
with men glow or 1 
phosphorescence 
Ignites spontaneously 
Dissolves evolving PHt 
Vcr reactive - 
Non-conductor 
Metastable allotrope 
Intensely poisonous 


Does not glow» he** 
phosphoretcenoe ; 

Igdites on heating. 

No action 

Less active than white P 
Feeble*ooAductor 
Stable allotrope 
Non-poisonous. # 


Uaea of Plioaphorua^(i) In the manufacture of matches — ^yellow phosphorus 
in lucifer matches, and red phosphorus in safety matches, (ii) In the preparation 
of phosphorus pentoxide, phosphor bronze, hypophosphite oTlime, and red phosphoruS]i 
<iii) In making tracer bullets, incendiary bombs, and in pr^ucing smoke screen, 
and (v) As a poison for rats. 


Hydrides of pliosplionis. — ^Two well-defined hydrides of 
phosphorus are : gaseous phosphorus trihydride PH^ {phosphine or 
phosphorethd hydrogen) and liquid phosphorus dihydride 

V>fliospliiiie. — Phosphine is prepared in an impure condition by 
heating white phosphorus with a strong 
solution of caustic alkalis. Pieces 
of white phosphorus and a 30 to 40 
per cent solution of caustic soda are 
taken in a flask (fig. 149) fitted with 
an inlet tube dipping in the solution 
and a delivery tube, the free end of 
which dips under water in a trough. 

The air in the flask is displaced by a 
current of coal-gas sent through the 
inlet tube, and the fl^k is then gently 
heated, when phospl^e evolves. 41s 
each bubble of the gas escapes out of 
water, it catches fire spontaneously 
with a bright flash, producing a vortex ring cf white smoke (of 
phosphorus pentoxide) rising in the air. The reaction produces 
phosphine and sodium hypophosphite : 

P 4 +3NaOH +3HaO = PHg +3NaHjPOg. 



Pure phosphine is not spontaneously inflammable in air. The spontaneous 
inflanunability of the gas thus prepared is due to the presence of the 
vapour of liquid hydrogen phosphide,. PgHi. The principal impurities 
are hydrogen and PgHi, formed by the reactions : 

6P+4NaOH+4HaO = 4 NaHgPOg+PgH 4 . 

2P+2NaOH+2HgO =2NaHgPOg+Hg. 


PgH 4 may be removed as follows : The impure gas is passed ^ 
through a U-tube, cooled in freezing mixture, when PgHg condenses ' 
to a liquid, and phosphine is then collected over water, the phosphine 
thus collected is no longer spontaneously inflammable. 

^ Pk^peities. — (i) A colourless, poisonous, heavier-than-air gas 
with an unpleasant smell of rotten flsh, phoq>hine is sparingly soluble in 





S58 

w^ter — Uu soluHon 

-132.5®, 


nrrBRMKpun 


is to litmus. 


Ite b. p. is —87.4^ and m, p. 


(ti) It burns Itadily in air, yielding phosphorus pentoxide and 
water ; impure phosphine is spontaneously infiaminable. 


(iii) It ignites spontaneously in chlorine, yielding ph^phorus 
tncmoride and hydrogen chloride. A mixture of phosphine and 
nitroiis oxide explodes when sparked. 


2PH,+40a = PaOg+SHaO ; PHa+SQa ^ PCla+3Ha. 


PHa+4NaO = HaP04+4Na. 


(iv) It is faintly basic and forms unstable phosphonium salts with 
liid<^en acids. Caustic alkalis decompose phosphonium Salts^ 
liberating phosphine. 

PHa+HI = PHJ ; PH4I+KOH = KI+HaO+PHa. 

(iv) It is a powerfid reducing agents and precipitates mixtures of 
metal and phosplude from solutions of cupric ana silver salts. 

Besides the distinctive odour of decaying fish, phosphine may be 
detected by the formation of a black precipitate of cupric phbsphide, 
when passed into an acidified solution of cupric sulphate. 

* ' 3CUSO4+2PH, « CuaPa + SHaSOa. 

When passed into silver nitrate solution, phosphine forms a black precipitate 
of^metaltic silver, a yellow intermediate compound being formed : 

PH; + 6AgNO, « Ag,P, SAgNO. + 3HNO,. 

AgtP, SAgNOa 4* 311.0 a 6Ag + SHNO. ^ HaPO,. 

(vii) 'The gai is absorbid by a solution of bleaching powder. 

(vii) CbmiMMitiosi of phomililne. — ^It is decomposed into hydrogen and red 
phoq^horus by heat to 40(P or electric sparks. Its composition may be determined 
in toif A known volume of pure and dry phosphine is collected over mercury 
In a eudiometer and sparked unitl there is no more increase in volume (fig. 95) . Twcf 
volumes of phosphine yield three volumes of hydrogen ; hence the formula is PxH.. 
But its mol^lar weight is 34, density^being 1/, as found experimentally. 

•*. Six + 3 34 whence x 1. Hence the formula is PH^. 


A gas which **13 not spontaneously infiammable but contains hydrogen as an 
Impurity, may he obtained by heating phosphorus with alcoholic potash. 

A spontaneously inflammable gas u formed by the action of water on calcium 
phosphide : Ga,P, + - 3Ga(OH)a + 2PH«. 

Pure phospliine. — ^Pure phosphine is prepared : (i) by the 
action of 30 per cent caustic potash solution on phosphonium iodide. 

PRal + KOH ^ KI + H4O + PHa. 

. ; The evolved gas is washed with hydrochloric acid (to decompose P|Ha)^w^ 
dmistic soda solution (to remove HI), and finally dried over phosphorus pentdd^ 
and Jhen collected over mercury. 

,'tfiosphonium iodide is prepared directly by the action of water upoik "a mixture 
And white phosplu^. i^osphonis and iodhie are dissolved hi carbon 
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disulphide Jn a,i;^t<^.fffomiyhich air is displaced by carbon dioxide. The carbon, 
d^lphide is Stilted off» mi then on adding ^ter ^ the phosphorus iodide and 
heating the retort, phdiphonium iodide sublimes inta a receiver attached , to the 
end the retort. 2P + I* + 4H,0 * H,P 04 + HI, 

(ii) by the reacdon of dilute H 1 SO 4 upon aluminium phosphide made by headii|; . 
a mixture of aluminium powder and r^ phosphorus. 

2A1P + 3 H 4 SO 4 « Al4(S04), + 2PHt. 

(lit) by heating phosphorous acid ; 4HsPOs ^ 3 H 4 PO 4 + PHs. # 

Gompmrlaoo of phoefAliie and ammonia. — ^Phosphorus belongs to the sanib 
group in the periodic systetn as nitrogen, and forms a hydride phosphine, which 
u analogous to ammonia, as the following properties clearly illustrate. 


Phosphine 


Ammonia 


1. A colourless, heavier-than-air gas 
with a smell of rotten fish. 

2. Sparingly soluble in water ; 
solution neutral to litums. 


3. Nvn-supporter of combustion, it 
ignites in air of oxygen. 

2PH4 + 40 t « PtOj + 3H4O. 

4. Faintly basic ; forms unstable 
phosphonium^ salts with halogen acids ; 
caustic alkali decomposes these salts, 
yielding phosphine. 


5. Ignites s^ntaneously in chlorine, 
forming phospnorus trichloride and 
hydrogen chloride. 

PH. + 3G1, = PCI. + 3HC1. 


6 . A powerful reducing agent, 
pricipitates copper, silver and gold from 
solution of their salts at ordinary tempera- 
ture. 


1 . A colourless, lighter-than-air gas 
with a pungent smelL 

2. Highly soluble in water, solution 
alkaline turning r4d litmus t^e. 

3. Non-supporter of combusdon, it 
ignites in excess air or oxygen. 

4NH. + 30, = 2N, + 6H,0. 

4. Highfy basic ; forms ammonium 
salts with halogen acids ; causfio 
alkali decomposes these salts, yielding 
ammonia. 

5. Reacts with excess of chlorine 
giving nitrogen trichloride and 
nydrogen chloride. 

NH, + 3C1, == NCI 4 + 3Ha. 

6 . A reducing agent only at high 
temperature ; reduces heated cupric 
oxide or lead monoxide to the metallic 
state. 


7. Precipitates metallic phosphides 
from soludons of silver and cupric 
salts. 

8 . Decomposes into its elements by 
heating to 440^ or by sparking. 

9. Highly poisonous. 


7. Precipitates metallic hydroxides 
from solutions of many metallic salts ; 
e.g.. Aid., Fed.. 

8 . Dissociates into its elements by 
strong hearing or jlparking. 

9. Non-poisonoui. « 


Phoaphoma dlliydride. PiH.. — It may be prepared by the action of warm 
water upon calcium phosphide. It is spontaneously inflammable and has no basic 
propcrdcs. Ca.P, + 6H,0 « 3Ca(OH), + PjHi + H,. 

.Hialldea of pluMphonia — Phosphorus direedy combines with halogens^ yielding 
PX. or PX. according as the phosphorus or the hglogcn is in excess, ^ese halidei 
are completely hydrolysed by water to ii^osphorut and phosphoric adds respeedvdy ; 

PX, + 3H.O-.HyPO, + »IX; PX. + 4H,0 H.PO 4 + 5HX. 



3G0 



Fig. 150 

It is freed from any penta chloride or excess 
phosphorus. 


The fluorides of phosjfliorus 
are gases, ^osphorus triddoride 
and triWiiiide are liquids, the 
renuining halides of phosphorus 
are solids. P/g does not exist 

Plioaplionio tHdilosido is 

prepared oy passing diy chlorine 
over white phosphorus taken in 
a retort (fig. 150) which is gently 
heated on a water bath — ^the air 
in the retort being previously 
displaced by carbon dioxide. 
Phosphorus trichloride distils and 
collects in a well-cooled receiver, 
chlorine by redistillation with white 


A colourless liquid, b. pt. 76^, it is hydrolysed by water, giving phosphorus acid 
and hydrogen chloride. 


2P + 3C1, = 2PC1, ; PCI, + 3H,0 = H,PO, + 3HC1. 

Phoaplionis pentacUorlde is obtained as a white powder by burning phosphorus 
in excess of chlorine or by passing chlorine into well-cooled 
phosphorus trichloride. A stream of dry chlorine is 
pass(^ into a flask (fig. 151) cooled in ice, while phosphorus 
trichloride is slowly run into the flask from a tap-funnel. 
PCI, collects as a white powder in the flask. It ^dissociates 
by heat, giving phosphorus trichloride and* chlorine. 
PCI, % PCI, 4 - Cl,. It is hydrolysed by water, giving 
phosphorus oxychloride, and Anally phosphoric acid. 
POGl, is a fuming liquid, b. pt. 107.2°. 

PCI, + H,0 = POCl, 4 - 2HC1 ; 

POCl, 4- 3H,0 = H,PO, 4- 3HC1. 

Oxides and ozyadds of phosphorus. — 

The principal oxides and exyacids of phosphorus 



are 


Fig. 151 


Phosphorus trioxide, PjO, 
Phosphorus tetroxide, P2O4 
Phosphorus peittoxide, PjOg 


Phosph 


L 


Hypo-phosphorous acid, H,POg 
Phosphorous acid, HaPOj 
Hypo-phosphoric acid, H4PaOa 
i,H3P04 


in excess of dry air pr oxygen. 


Ortho-phosphoric acid, 
Pyro-phosphoric acid, H4Pa07 
Meta-phosphoric acid, HPO}. 

pentosdde, P2O5, is prepared by igniting phosphorus 


A chunk of white phosphorus is placed in a crucible standing on a tile under 
a bell-jar and ignited by touching with a hot iron wire — the bell-jar is lifted from 
time to time to admit fresh air to the burning phosphorus. The white clouds of 
.phosphorus pentoxide settles down to a soft white j^wder which contains some trioxide. 
It is purified by heating in a current of dry ozonised air or oxygen when the trioxide 
is oxidised to P,0,— the phosphorus pentoxide sublimes and collects in a wellrcooled 
receiver. P, 4 - 50, = 2P,0,. 

It is a white deliquescent powder which sublimes at 250 ® ; its 
vapour density corresponds to the formula PsOjo- An acidic oxide^ it 



m 

dissolves in cold wnter, giving metaphosphoric acid ; with boiling water 
orthc^hosphoric acid js produced : # 

P,a,+^ 2HPO, ; P,0,+3ft,0 - 2H,P04. 

It has great affinity for water, and is thc^ moit effective dey^ agent j 
thus it dehydrates sulphuric and nitric acids, yidding their 
anhydrides : 

HaS04+Pa05 = 2HP03+S0a ; 2HN03+Pa05 = 2HPO3+N3O3. 

The phosphoric adidisa — ^Three phosphoric acids are forftied by 
the addition of water to phosphorus pentoxide, which, therefore, is the 
anhydride of the three acids : 

PfOg + HjO = 2HPOt (mcta-phosphoric acid) ; 

PgOg -f 2HgO « HgPjO^ (pyro-phosphoric acid) ; 

P 1 O 5 + 3HgO = 2 H 8 PO 4 (ortho-phosphoric acid). 

When heated to 213*^, the ortho-phosphoric acid is slowly transformed into 
pyro-phosphoric acid, which in its turn is converted into a glassy mass of meta- 
phosphoric acid, when heated to 316°. Heated still further the meta-phosphoric 
acid also dehydrates on prolonged heating, yielding some phosphorus pentoxide. 
The changes are reversible : < 

~H,0 -HgO -HgO 

2HjPOg HgPgO, % 2HPOg ^ P,Og. 

- -hHaO +HjO +H|0 

"^Oitho-phosphoric acids, H 3 PO 4 . — Ck>mmon phosphoric acid is 
orthophosphoric acid. It is made : (a) by digesting TOne ash with 
dilute (60%) sulphuric acid in a lead-lined tank for several hours— ^the 
mixture is heated by open steam. The bone ash is decomposed* by 
the sulphuric acid, yielding phosphoric acid and calcium sulphate. 
The insoluble calcium sulphate is fitered off on a bed of coke, and the 
phosphoric acid solution is evaporated .to a thick syrupy liquid of 
sp. gr. 1.7 containing 85% phosphoric acid. 

Ca 3 (P 04)2 + 3HaS04 = 3CaS04 + 2 HsP 04 . 

(b) by heating a phosphate mineral with coke and silica in an 
electric furnace, the resulting phosphorus vapour and CO (w4& pre- 
paration of phosphorus) are burnt to P2O5 and CO| by . admitting air. 
Water is sprayed in the cooled gases when 85 per cent phosphoric acid 
is obtained — ^any mist of phosphdric acid formed is separated by 
electrostatic precipitation. PjOg+SHjO = 2H3PO4. 

Pure phosphoric add is obtained by boiling red phosphorus with concentrated 
nitric acid in a flask fitted with a reflux condenser on a waterbath. •A crystal of iodine 
catalyses the reaction. The resulting solution is concentrated till the temperature 
rises just to 180°, and then cooled in a vacuum desiccator bver concentrated sulphuric 
acid — ^the desiccator being placed in a freezing mixture — when colourless crystals 
of phosphoric acid, m. pt. 42°, deposit. ^ 

P 4 -h lOHNO, -h H,0 - 5N0 + 5NO.. 

The phosphates. — Phosphoric acid is tribasic and forms thite 
series of salts such as primafy phosphate^ NaH3P04 (mono!k>dium 
dihydrogen phosphate), secondany phosphate^ Na2HPC^ (disodium 
monohydrogen phosphate), and tertiary phosphate, Na3P04 (tiisodium 
phosphate). 
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The ttree hydrogen ions dbwdete in eteges irnn phorohoric aekl, the first ohe 
readily, the second di£Seulty and third m presmce^ exCqia jdfcw only- 

HsPO* + p,PO«' 2 H++HPO/ 6 , 3 H<? 4 . p©/'. 

The priinary pKbsphhte is acid to litmus : 

NaH,PO« Na++H,P04' ; H^PO*' ^ H++HPO4*. 

The secondary phosphate is faintly alkaline (practically neutral), 
the tertiary phosphate strongly aUcaline, since they are hydrolysed by 
water ^ Na,HP044-Ha0 NaHjP04+Na0H ; 

NajPOa+HjO ^ NaaHP04+Na0H. 

The primary and secondary phosphates decompose on heating with 
elimination of water : 

(i) a primary phosphate yields a metaphosphate : 

NaHjP04 = HaO+NaPOj (sodium metaphosphate) 

(ii) a secondary phosphate yi#fls a pyrophosphate : 

2NaaHP04 = H20-l' Na4Pj0, (sraium pyrophosphate) 

(iii) a tertiary phosphate remains unchanged by heat. 

Phosphates containing ammonium radicals, lose both water and 
ammonia on heating : (NH4)aHP04 = HPO,+HaO+2NHj ; 

2 MgNH 4 P 04 = MgaPa0,+H,0+2NHa 
Na(NH4)HP04 (microcosmic salt) = NaPO,+HjO+NH;. ' 


Phosphate * 

Effect of heat 

Phenolphthalein 

Methyl orange 

(i) Primary 
NaH.PO* 

decomposes ; forms 
metaphosphate 

acid 

neutral 

(11) Secondary 
Na4HP04 

decomposes ; forms 
pyrophosphate 

neutral 

alkaline 

(iii) Tertiary 

Na*P04 

does not decompose 

alkaline 

alkaline 


On titration with caustic soda solution phosphoric acid behaves as monobasic 
with methyl oran^ which changes colour from orange to just pale yellow at the 
stage NaHiPOg ; it is however, dibasic with phenolphthalein which turns pink at 
the stage NatHP04. 

The sodium phosphates are prepared as follows : The secondary phosphate 
NatHP04, I2H4O, is first made b^ neutmlising phosphoric acid (to which few drops 
of phenolphthalein are added) with caustic soda till the soli^tion turns pink, and 
crystallising. The prim^ phosphate NaH,P04, H^O, is made by adding correct 
amount of phosphoric acid to a solution of the secondary phosphate, and evaporating. 
The tertiary phospf^ate, NasP04, 12H4O, is made by dissolving the secondary phosphate 
and excess caustic soda in water and crystallising. On mixing hot strong solutions 
of sodium phosphate and ammonium chloride, crystals of microcosmic salt, 
NaNH4HP04,4H40, deposit on cooling, Na4HP04,12H|0 is the ofdifuuy hharatoij 
sodium phosphate, 

2 NaOH NaOH 

H,P04 ► Na.HP04 Na4P04 

H,P04 NH4CI 

NaH*P 04 -«- Na 4 HP 04 NaNH 4 HP 04 

Fyxophospliorlc add crystals, m. p. 61 % are best made by heating H 4 PO 4 
with phosphorus oxychloride ; SH^PO* + POCla SHgPtOf + 3HC1, evaporating 
so a vacuum desiccator and cooling at -*- 10 ^. It is also formed by heating 
at 219 ^* NasHP04 on heating yields which gives a white predpitata of 
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lead nitrate adution— this is de^mpos^ by mter, 

giving pyrophosphodc add solution : * 

Fb|Pgdf -f HiS » + 2 PbS (tdallidc pcedpitate). 

Magimia mixture (a solution of magnesium chloride containing ammonia and 
chloride) yields with a solution of a orthophosphate a white crystalline 
precipitate of magnesium ammonium phosphate MgNH4P04,6H^0, which on heating 
gives magnesium pyrophosphate. Thk reaction is used in the estimation of phosphate 
and magnesium : 2^^NH4p04 » MgiPtOy + 2NH4 + HjO. 

hieta|duimoric addlf HPOa, is obtained as a glassy mass by heating HaP04 
at 316 * : H1PO4 « HPO, + HfO. The acid thus formed, is polymerised 


NaHaPOa in heating yields NaPOa which gives a white precipitate of lead 
metaphosphate with lead nitrate solution — ^this with HaS water gives metaphosphoric 
acid which has the simple formula HPOa : Pb(POa)a + HaS = 2HPOa + PbS. 
HPDa Is made by the action of POC^ on HaPOa. 

2HaP04 + POG^ SHPOa + SHCh 

Gal|^oiiu — Sodium hexa-metaphosphate (NaPOa)i, is made as a dear glass, 
soluble in water by fusing and rapidly cooling either NaHaPOa or the microcosmic 
salt. It is used for softening water (page 192 ). 


Stnictiiro of phosphoric adds. — The hydrolysis of PC 1 | shows the structure 
of ortho-phosphoric acid. PGlg on partial hydrolysis yields phosphorus oxychloride, 
POGlg, which is then further hydrolysed to HaPOa. 


a^a 
a — p 
q/Nsi 

a\ 

+ H.O —Is Cl— P 
Cl/ 

« 0 -1- 2HCI 

• 

/Cl 

o-p-a 

\a 

HOH 
+ HOH 

HOH 

.OH 

— 0 = P-OH 
\0H 


•f SHQ 


The pyro- and meta*phosphoric adds are derived from the 
demination of water : 


ortho-add by 


.OH HO^^ HOy^ ^OH 

O « P-OH + HO-P =.0 — O == P-O-lCo + H ,0 
'^OH Hcy^ hq/ '^oh , 


>OH 

O » P-OH — ► P-OH + H ,0 

\ 0 H 0 «^ 

Testa for phosphate. — (i) CsMt nitrate test. — ^Heatec^ on charcoal with a drop 
er two of cobalt nitrate solution in the oxidising flame a phosphate yields a blue mass. 

(ii) Ammenusm molybdate test . — On adding few drops of a orthophosphate solution 
to an excess of ammonium molybdate solution acidified with concentrated nitric 
acid a eanasyyeUow precipitate of ammonium phosphomolvbdate slowly deposits 
in the cold and rapicUy at 60 **— 65 *’. Pyro- and meta-phosphates also give this test 
on heating for some time. Arsenates also respond to this test mit only on 
boiling. 

Na^HPOa + 12(NHa)tMoOa (ammonium molybdate) + 23 HNOa 

» (NH4}arPMOig04o] (ammonium i^osphomolybdate) + 2 NaNOg -f 

21NH4NOg •f 12HgO. 
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Reagent 

Orthophosphate 

Pyrophosphate 

Metaphosphate 

(i) AgNO, toln. 

(ii) Albumin + d’l. 

Yellow ppt. 

White ppt. 

White ppt. 

No^agulation 

No coagulation 

Coagulation 

(iii) Magnesia mixture 

White ppt. insoluble 
in excess of the 
reagent. 

White ppt., 
soluble in excess, 
but reappears on 
boiling 

No ppt., even 
on lx>iling. 

(iv) Bad, solution 

No ppt. ; white ppt. 
if alkaline. 

No. ppt.; white 
ppt. if alkaline. 

White ppt., in 
acid solution. 


Phosphorus trioxide, PeOa, is formed by burning phosphorus in 
a limited supply of air : P 4 + 30 ^ = 2 Pa 03 . 

A slow stream of air is drawn over sticks of white phosphorus gently burnt in a 
tube (fig. 152) — the vapour of the oxides formed passes through a metal condenser, 
surrounded by hot water at 60®, and also containing a plug of glass wool which arrests 
the less volatile PiO, which is also formed, and allows the more volatile P,Os to 
pass through, which is condensed in a receiver cooled in ice. The air is aspirated 
through the apparatus by a water-pump. 



Fig. 152 

Phosphorus trioxide, is a white crystalline solid, m.p. 23.8^ and 
b. p. 175®. Its vapour density shows the formula to be P 4 O 3 . It 
dissolves in cold water, forming phosphorous acid of which it is the 
anhydride ; with hot water it gives phosphine and phosphoric acid : 

PaOa + 3H3O = 2H3PO3 ; 2P203 + 6H3O = PH3 + 3H3PO4. 

Phosphorons add, a white solid, m. p. 73.6®, may also be obtained by the 
hydrolysis of phosphorus trichloride. 

PCI, + 3HOH = 3HC1 + H,PO,. 

It has strong reducing properties. It gives a black precipitate of metallic silver 
with silver nitrate solution : 

H,PO, + 2AgNO, + H,0 = HjPO, + 2HNO, + 2Ag. 

It also precipkates gold and copper from solutions of their salts, and reduces 
mercuric chloride to mercurous chloride. 

H,PO, + 2HgCl, + H,0 = H.PO, + Hg,CI, + 2HC1. 

It is a dibasic acid ; it decomposes on heating into PH, and H.PO* : 

4H,PO, == PH, + SHaPO,. 

.OH 

Its structure is reducing property being due to the 

hydrogen atom directly linked to phosphorus. 

Hj^pophiHiplioroiM a^ H,PO„ colourless crystals, m. p. 26.5®. A solution 
of battum hypophosphite is prepared by heating white phosphorus with baryta water 
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in a flask from which fhc air is displaced by carbon dioxide {cf, preparation of PHy). 

2 P 4 + 3Ba(OH)g + 6H,0 == 2PH, + 3Ba(H,PO,),. 

The exc-ss of baryta is precipitated as barium carbonate by passing GOt, and 
filtered. The filtrate is decompmed by calculated aniount of dilute HtSOi. 

Ba(H,PO,), + H,S 04 « BaS 04 + 2HsPOa. 

The insoluble BaS 04 is filtered off, and the filtrate containing hypophosphorous 
acid, is carefully evaporated below 130° to a syrup, and cooled in freezing mixture,, 
when it crystallises. 

The acid or its salts decompose on heating, evolving phosphine : 

2 H 4 P 02 = H,P 04 + PH, ; 2NaH,PO, = Na,HP 04 + PH,. 

It is a powerful reducing agent. Silver nitrate gives a black precipitate of silver : 

H,PO, + 2H,0 + 4AgNO, == 4Ag + HsPO, + 4HNO,. 

Copper salts gpvc on warming a red precipitate of cuprous hydride which evolves 
hydrogen with strong HCl (a distinction from phosphorous acid). 

3H,POa + 3H,0 + 2 CUSO 4 = 2CuH + 3 H 3 PO, + 2 HaS 04 

It reduces mercuric chloride to a black mass of metallic mercurry. 

HjPO, + 2H,0 + 2HgCl, - HjPO, + 2Hg + 4HC1. 


O. /OH 

It is a monobasic acid and its structure is 


the reducing property is 


due the hydrogen atoms directly linked to phosphorus. Calcium hypophosphite 
is used medicinally as n'^rve tonics. 

Phosphoras tetroxlde. — ^PfO,, a colourless solid, is formed by heating PaO, 
in a sealed tube at 440° : 4P,Oa = SPaO, + 2P (red P). It is also made by heating 
a mixture of trioxide and pentoxidc in a sealed tube to 290° : PaOa*+ PfO, = 2 P 1 O 4 . 
It dissolves in water, forming phosphorus and phosphoric acids : • 

PaO, + 3HaO =* H,PO, + HaPO,. 

SafMrphoapluite of lime. — ^An important phosphatic fertiliser, it is made by 
the action of chamber acid (65 to 70 p.c. HaSO,) on mineral tricalcium phosphate 
such as apatite or phosphorite rocky when soluble monocalcium phosphate is formed : 

Caa(P04)a + 2HaS04 + 4H,0 = Ca(HaP04)a + 2(CaS04, 2HaO). 

The mixture of the monocalcium phosphate and calcium sulphate constitutes 
the superphosphate. 

The finely ground rock is macerated with two-thirds of its weight of the chamber 
acid in a cast-iron mixer fitted with revolving blades for 2 minutes and then quickly 
dumped for 24 hours in a closed den or pit Mow, where reaction occurs with a rise 
in temperature to 100°, and evolution of such gases as CO,, HGl and SiF,, winch 
escape through a vent. The mass is then ]?emoved to the storage piles, where it is 
allowed to cure for 8 to 10 weeks before use. 

Other important phosphatic fertilisers are bone meal and basic slag. 

Manafactnre of matches. — ^The chief use of phosphorus is*in match industry* 
Red phosphorus and phosphorus sulphide are used for the purpose-vthe use of yellow 
phosphorus being prohibited by law, due to its poisonous nature. Workmen exposed 
to its vapour are liable to the decay of bones, particularly of the jaw, and develop the 
disease of jaw bones (phossy-jaw). 

^Strike anywhere^ matchea. — ^They are prepared by dipping thin strips of 
wood into a paste containing phosphorus sulphide, lead oxide and potassium chlorate 
plus some powdered glass and glue. The strips arc ignited by friction against a rough 
surface — this is a disadvantage. 

Safety matchea. — In preparing safety matches strips of wood are tipped with 
a i^aste containing potassium ^lorate, potassium dichromate, MnO,, sulphur, oxide 
of iron, powdered glass, gum and gluey but no phosphorus. The sticks are ignited by 
rubbing against a strip of paper (attached to the matdi box) coated with a paste ca 
red phospaorus, antimony sulphide, powdered gla.«s and glue. 
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The heat of friction brings about the oxidation of phosphorus by potassium 
chloratc-ythc sp^k being communicated to the sticks whiw ignite. The sticks 
are previously soaked in borax solution to prevent glowing acftr the flame is 
extinguished. e 


Exercises 

1. Describe the preparaiion of white phosphorus. How is it converted to red 
phosphorus ? Compare the porperties of these two varieties of phosphorus. What 
happens when (a) each form of phosphorus is boiled with caustic soda solution, 
(b) nxf phosphorus is heated with concentrated nitric acid, and (c) slow stream of 
dblorine is passed through white phosphorus melted under water ? Describe 
what happens when red phosphorus is allowed to act on iodine suspended in water. 

2. How is phosphine prepared ? State the percautions usually taken and give 

the equation for the reaction. State the chief properties of this gas and compare 
them with those of ammonia. Bombay '53 

^ 3. Describe in outline the preparation of phosphorus trioxide and pentoxide. 
Give a short account of the various acids which may be derived from them. How 
would you distinguish between them ? How many potassium salts of phosphoric 
acid are there, and what is the reaction of their aqueous solution ? Describe the 
action of heat on them. 

4. How are the chlorides of phosphorus obtained 7 What is the action of 
water on these compound ? What happens when phosphorus pentachloride is 
heated 7 What is the action of heat on monosodium hydrogen phosphate 7 

5. Starting from bone ash, how will you prepare (a) phosphorus, (b) phosphorus 
trioxide, (c) phosphorus pentoxide, (d) phosphine 7 Give equations. 

Ajmer Inter. 


Arsebic 

' OcGiirfoiicc. — ^Arsenic is widely distributed in nature in the combined state. 
Its chief minerals are : arsenical pyrites or mispickel, FeAsS, realgar, and orpiment, 

ASySt. Iron pyrites and other sulphide ores often contain arsenic. The arsenical 
minerals on roasting yield white fumes of arsenous oxide, As^Os, which may be 
condensed in flues as a powder, known in commerce as white arsenic. 

Preparation. — ^Arsenic is prepared by heating arsenious oxide with 
charcoal in clay crucible covered with an iron cone into which the 
arsenic sublimes : AS2O3 + 3 C = SCO + 2 As. It may also be 
obtained by distilling arsenical pyrites : FeAsS = FeS + As. 

Arsenic exists in three allotropic forms : (i) yellow arsenic corresponding with 
white phosphorus, soluble in carbon disulphide, an unstable form produced by rapidly 
(hilling the arsenic Vapour ; (ii) black arsenic, less stable than grey arsenic, and 
insoluble in carbon disulphide, it deposits as a black mirror on the cooler part of a 
tube when the grey arsenic is heated in a current of hydrogen and (iii) gr^ arsenic, 
the stable and common form, insoluble in carbon disulphide. 

Propexties. — (i) Grey arsenic forms steel-grey, brittle crystals 
with a metallic lustre and marked conductivity. It sublimes on heating 
to give a yellow vapour with a garlic smell. Like phosphorus, it is 
tetratoxnic (Asj) in the vapour state. 

(ii) It bums in air with a blue, livid flame, giving arsenious oxide : 
4 As + 3O3 = 2AS2O3. It ignities spontaneously in chlorine, forming 
tiic trichloride : 2As+3Cl2 = 2ASGI3. 

. (iii) It is only attacked by oxidising acids, and therein it resembles 
a non-metal. Hot dilute HNO3 slovriy oxidises arsenic to arsenious 
acid fl3As03, while the hot cone. HNO3 converts it to arsenic acid 
li^AsP4. Hot concentrated H2SO4 oxidises it to arsenious oxulel 
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(iv) It is attacked by fused alkalis, forming arsenites, but not by 
aqueous alkalis : 2As + 6 NaOH = 2Na^O, + 3Hi, 

Arsine* ABl^ is conveniently prepared iby the action of warm 
water upon aluminium arsenide : AlAs4-3H,0 = Al(OH) 3 -fA 8 H 3 * 
Pure arsine is produced by the action of dilute HCl upon zinc arsenide. 
Arsine is also produced by the action of nasce^ hydrogen on a soluble 
arsenic compound. 

Zn,A 8 ,+ 6 Ha = 3 ZnCl,-f 2 AsH, ; As,0,+12H = 2 AsH,+SH,0. 

A highly poisonous colourless gas with a garlic smell, it is insoluole in water and 
has no basic properties. It forms no compound similar to phosphonium compounds. 
It decomposes into its elements on gende heating. It is a reducing agent. It gives 
a black precipitate of silver with dilute silver nitrate solution. 

AsH, + 6AgNO, + 3Hj|0 = HjAsO* + 6HNO, + 6Ag. 

Arsenioos oxide* vtdiite arsenic* AsjOa, produced 
commercially by roasting arsenical ores, such as pyrites, and condensing 
the volatile arsenious oxide in flues as a white powder. 

This oxide is slightly soluble in water — ^the solution is feebly acid 
to litmus due to the formation of arsenious acid. 

AsjOj + 3HgO 2H,AsO, 

But it readily dissolves in solutions of alkalis or carbonates to yield 
arsenites, and in concentrated HGl to yield arsenious chloride, and 
hence the oxide is amphoteric in character ; 

As,0,+6Na0H = 2Na,AsO, + 3H,Or; 

AsgOa+ena = 2Asa,+3HgO. 

It is a reducing agent. It reduces iodine to HI. 

As,0. + 21, + 2H,0 As,0, + 4HI. 

The reaction goes to completion in presence of sodium bicarbonate which removes 
HI, since unlike NaOH or Na,GO, sodium bicarbonate is without action upon iodine. 

It also acts as an oxidising agent. It is reduced to arsenic when heated with 
charcoal, and in solution by stannous chloride, 

As,0, + 3SnCl, + 6HC1 = 2As + SSnCl, + 3H,0, 

and also when boiled with hydrochloric acid and copper foil : 

As,Og + 6HG1 + 6Gu = 2As + 6GuGl + 3H,0. 

If the copper foil is washed, dried and heated, white sublimate of As,0, is formed 
{Reinsek^s test). 

Arsenious oxide is used in the preparation of pigments an^ enamels ; in glass 
making : in taxidermy for preserving skins ; as a p^bison for vermin ; as a weedkifler ; 
in small doses in medicine as a tonic and in skin diseases. • 

Arsenic oxide, AS 2 O 5 , is obtained as a white deliquescent solid by 
oxidising arsenious oxide with concentrated HNOj or chlorine : 

As20a+2HN0a = AsaOB+NaOa+HaO. 

It dbsolves in water, giving arsenic acid ; AsgO, + 3HgO = 2H,As04, and 
in alkalis to give arsenates — arsenates are analogous to and isomorphous with 
phosphates. It is an oxidising agent, and is reduced to arsenious acid by hydrio^c 
add: H,As04 + 2HIfi9H,As0, + I, + H,0. 

Are^tee and arsenates* — ^Sodium arsenite is obteuned by 
dissolving AsgOa in caustic soda k>lution. With silver nitrate solution 
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it gives a yillow precipitate of silver arsenite^ soluble in acetic acid 
(cf. Ag0PO4 which is insoluble.) 

NaaAsOs-feSAgNOj = AgaAsOj+SNaNOj. 

With copper sulphate solution it gives a green precipitate of 
cupric arsenitc (Sckeele^s green), Ga3(As03)2,2H20, 

Sodium arsenate is made by fusing sodium arsenite with sodium 
nitrate. It is ^ used in calico-printing. It gives a light chocolate 
precipitate of silver arsenate with silver nitrate solution, insoluble in 
acetic acid : + SAgNOj = Ag3As04 + SNaNOa. It 

liberates iodine from an acidified solution of potassium iodide. 
H3ASO4 + 2 HI ^ H3ASO3 + I3 + H3O. 

Arsenious chloride^ AsGla, is prepared by dissolving AsaOa in 
hot and strong HGl or by distilling a mixture of As^Oa with common 
salt and strong H2SO4. AS2O3+6HGI 2AsGl3H-3H20. A poisonous, 
oily liquid, b.p. 130 % it is hydrolysed by water to arsenious oxide — the 
reaction is reversible. 

Salpbldefl o£ arsenic occur native as the yellow and red mineral orpiment, As^Sa, 
and redgar, respectively. Realgar is us^ as a pigment and in pyrotechny. 

Arsenic trisulphide precipitated as a yellow powder by passing HaS through 
an acid solution of arsenious oxide : AsaOa + SH^S = AsaSa + 6HG1. Insoluble 
in strong HGl, it dissolves in alkalis, giving arsenite and thioarsenite, from which 
it is precipitate by the addition of acids. 

ASaSa -f* 6KOH = KaAsO, + KaAsSa -f 3H,0 ; 

KaAsO, + KiAsSa + 6HG1 = 6KC1 + 3HaO -f AsaS, 

It also dissolves in yellow ammonium sulphide, giving thioarsenate which 
precipitates the pentasulphide on acidification : 

AsaSs + 3(NH4)aS + 2S = 2(NH4)aAsS4 ; 

2(NH4)aA8S4 + 6HG1 = 6NH4CI + 3HaS + AsaS^ 

On passing HaS through a solution of arsenic acid the latter is reduced to arsenious 
acid, and a white precipitate of sulphur is formed-— on further passing the gas, arsenious 
sulphide is deposited. 

HaAsOa + HjS = HaAsO, + HjO -f S ; 2HaAsOt + 3HaS = AsaS, + 6H,0. 

Teats. — (i) Mirror test. — On heating an arsenic compound with soda-lime and 
potassium cyanide in a bulb-tube a black mirror of arsenic with a garlic smell is 
deposited on the cold tube further on. 

(ii) Marsh’s test. — In this test the arsenic compound is reduced to arsine by 

nascent hydrogen. Some 
granules of zinc (arsenic free) 
and the arsenic compound are 
taken in a flask (fig. 153} fitted 
with a thistle funnel and a 
delivery tube — on the addition 
of pure dilute H 2 SO 4 , arsine is 
prc^uced, which passes out of 
the delivery tube. Arsine is 
decomposed on heating the 
tube and a b^ck mirror of 
arsenic is deposited beyond the 
heated portion. This is a very 
delicate test and is used to- 
detect arsenic in trace. 

(iii) Fldtilisum^a — ^When an arsenious compound is heated with zinc 

dust and caustic soda, arsine is evolved which stains black a paper soaked in silver 
nitrate solution. 



Fig. 153 
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{iv) Wet tests* — (a) Silver nitrate solution giv^es a yellow and a chocolate 
precipitate with neutral solution of arsenite and arsenate respectively — the precipitates 
are soluble in ni^c acid solution, (b) Magnesia mixture gives a white precipitate 
of magnesium aihngfonium arsenate, MgNH4As04, wAh an arsenate solution only, 
(c) Ammonium molybdate in presence of cone. HNO4 gives a yellow ppt. with a 
boiling solution of an arsenate {cf, phosphate). 

Antimony 

• 

Preparation* — ^The principal ore of antimony is stibnite SbaSj. 
The metal is prepared by reducing the ore with iron at a red heat : 
Sb2S3 + 3Fc = 2Sb + 3FeS, or by roasting stibnite to the oxide and 
then reducing with coke : 

2SbaS3+90a = 2Sb203+6S0a ; Sba03+3C = 2Sb+3CO. 

Properties* — (i) A brittle, silver«white, lustrous metal, antimony 
expands on solidification^ and hence useful in casting. It exists in three 
allotropic forms : metallic antimony^ the common form, yellow antimony 
(soluble in carbon disulphide), and black antimony (inflammable 
in air). 

(ii) Stable in air, it burns when heated, forming a mixture of 
SbaOa and Sb204. It also burns spontaneously in chlorine, forming 
the pep.ta-chloride, SbClg. 2Sb -j- hCla = 2SbCl5. 

(iii) It is not acted upon by water or dilute acids. It decomposes 
steam at a red heat, and is oxidised to •S'^a^s ^ concentrated HNO^^ 
showing its non-metallic character. It dissolves in hot concentrated 
HCl in presence of air, forming the chloride, and also in hot 
concentrated H2SO4, forming the sidphate. 

2Sb + 6H2SO4 == Sb2(S04)3 + 3SOa + 6HaO. 

It dissolves readily in aqua regia, forming the pentachloride, 
SbClg. 

Usefl. — ^The chief use of antimony is in making alloys : type metal (Pb 55 : Sb 30 : 
Sn 15) ; antifriction metal (Pb 75 : Sb 15 : Sn 8 : Cu 2) used for bearing of machinery ; 
Britannia metal (Sb 5 : Sn 94 r Gu 1). 

Stibine. — SbH® is prepared by the action of dilute HCl upon an alloy of 
mappiesium and antimony : MgaSb, + 6HC1 = 3MgCla + 26bH3, and by the 
action of nascent hydrogen on an antimony^ compound in acid solution. 

A neutral, colourless, poisonous gas with an unpleasant smell, fairly soluble in 
water, it is readily decomposed into its elements by heat. It is a reducing agent. 
It gives a black precipitate of silver antimonide with silver xiitfate solution, (e.g. 
arsine) : SbHg -f SAgNOa = AgjSb + 3HNOa. • 

The precipitate is rapidly decomposed by excess of silver nitrate into 2 / black 
mass of silver and antimony trioxide. 

2AgaSb + 6 AgNO, + 3HaO 12Ag + SbaO, + 6 HNO 3 

Antimony oxides. — ^Antimony forms the oxides SbaOa, SbaOa and SbaOa. 

Antimony trioxide, ShgOg, is made by burning the metal in air and by the hydrolysis 
of antimony trichloride : 2SbCls + 3HaO SbgOa + 6HC1. 

A white powder, it becomes yellow on heating. An amphoteric oxide insoluble 
in water, it dissolves in alkalis giving antimonites, and in acids, producing 
salts. 

Antimony tetroxide, Sb^Oa, is produced by*heating SbaO| above 400^ in air. It 
imparts an add reaction to water. 

24 
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Antimony pentoxidc, Sb^Os, is obtained by the hydrolysis of penta chloride 
or by the action of cone. HNO 3 upon antimony or its lower oxide. An insoluble 
yellow powder and acidic oxide, it gives rise to antimonic acid and antimoniates. 

Antimony ^ chloriiles. — ^Antimony trichloride, SbCls, a 
deliquescent, white solid, is prepared by dissolving antimony trisulphide 
in concentrated HCl and evaporating. It is reversibly hydrolysed by 
water, precipitating the white oxychloride : 

SbCla + HaO ^ SbOCl + 2 HC 1 . 

Antimony pentachloride, SbCls, a heavy fuming liquid, is 
prepared by passing chlorine into molten trichloride. It liberates 
iodine from potassium iodide. SbClg + 2 KI = SbCla + 2 KG 1 + la* 

Antimony B^pliide 8 .-j->Antimony form two sulphides Sb^Ss and Sb^Ss. 
Antimony trisulphide is obtained as an orange yellow powder by passing H|S through 
an acid solution of antimony trichloride. 

Just like AsjSa, it dissolves on caustic alkalis, in alkali sulphide and in yellow 
ammonium sulphide. But unlike AsgS,, it is insoluble in ammonium carbonate. It 
dissolves in strong HCl, whereas arsenic sulphide is insoluble. 

It burns when heated in air, and hence its use in fire works, percussion caps and 
match heads. It also finds use as a pigment and in the vulcanisation of rubber. 

Tartar emetic, potassium antimonyl tartrate K(SbO) C 4 H 40 a, is made by 
boiling antimony oxide and cream of tartar and is used in m^icine and as a 
mordant. 

Teatfl. — (i) An antimony compound, mixed with fusion mixture and heated 
on charcoal in the reducing flame, gives a white, lustrous, brittle bead with a white 
incrustation. 

* (ii) HjS gives an orange yellow precipitate of antimony trisulphide with an 
acid solution of an antimony salt. 


Bismiith 

Preparation. — ^Bismuth is often found native. It also occurs as 
bismuth ochre ^ BisOs, bismuthite or bismuth spar (Bi0)2C03, and 
bismuthinite or bismuth glance^ BigSa. 

The metal is obtained from native bismuth by liquation — the ore is heated in 
a sloping iron tube, when bismuth melts (m. p. 27 P) and flows away. The metal 
is refined by dissolving in dilute HNO,, pouring the solution into much water, calcining 
the precipitated basic nitrate, and reducing the oxide with charcoal and a 
flux. 

Properties. — (i) An easily ftisible, brittle, silver-white metal 
bismuth burns to the trioxide, BigOg, when heated in air. 

(ii) It catches fire in chlorine forming the trichloride, BiClg, and 
decomposes steam slowly at a red heat. 

(iii) It is not attacked by dilute acids, excrot HNOg, which converts 
it into nitrate. Boiling concentrated H2SO4 converts in into the 
sulphate, Bi2(S04)3, sulphur dioxide being evolved. 

Bismuth is used in making fusible alloys : Rose's metal (m. p. 93.75^) contains 
Bi (2 parts), Pb (1 part), and Sn (1 part) and Wood's Jusible metal (m.p. 71°) contains 
Bi (4 parts), Pb (2 parts), Sn (1 part) and Cki (1 part). 

Blamuthine, BiHg, an unstable gas is obtained by the action of HCl upon an 
alloy of magnesium and bismuth. It is slightly acidic and is soluble in all^li. 

Bismath oxidea. — ^Bismuth forms the oxides BiO, Bi^Og, Bi 804 and Bi^Os. 
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Bismuth monoxide^ BiO, a black powder, is obtained *by reducing Bi^Os with carbon 
monoxide : BisO, + CO = 2BiO + GOf A basic oxide, it reacts with acids, 
giving metallic bismuth and a tervalent salt. 

Bismuth trioxide^ BigO,, a yellow powder, is obtained by burning the metal or 
by igniting bismu^ subnitrate. It is readily reduced to the metal by heating with 
carbon or hydrogen. It is predominently basic in properties — ^its slight solubility 
in strong alkali shows that it is also feebly acidic. 

Bismuth tetroxide^ Bi^Oi, a brown powder, is produced by the action ol^chlorine 
on an alkaline suspension of bismuth trioxide. It loses oxygen on heating and is 
reduced when warmed with strong HGl or H,S 04 , giving chlorine or oxygen 
respectively : Bi |04 + 8HG1 = 2BiGla + 411,0 + Cl|. 

Bismuth pentoxide, Bi^Os, a brown powder, is obteined 1^ drying meta bismuthic 
acid, HBiOg, produced by acidifying (with dilute nitnc acid) potassium bismuthate, 
KBiOs, which is precipitated by the prolonged action of ^lorine on an alkaline 
solution of bismuth trioxide. When heated and when treated with acids, it behaves 
like the tetroxide ; Bi,Os + 3 H|S 04 =-• Bia(S 04 )a + 311,0 + O,. 

Bi,0, is also precipitated by thehydrolyw of potassium bismuthate, KBiO„ 
formed by the fusion of Bi|Oa with caustic potash in air. The higher oxides of 
bismuth, therefore, show acidic properties. The bismuthates are us^ as oxidising 
agents. 

BIsmutli chloride. — BiGl„ a white crystalline solid, Is prepared by burning 
bismuth in chlorine. It is reversibly hydrolysed by much water, precipitating white 
bismuth oxychloride : BiGl, + H,0 ^ BiOGl + 2HG1. 

Biamuth sulphide, Bi,S„ is obtained as a black precipitate passing H,S through 
an acid solution of the chloride. It readily dissolves in nitric acid, but unlike the 
sulphides of As, Sb and Sn, it is insoluble in alkalis and yellow animonium sulphide. 

Bismuth nitrate, Bi(N03)a> SHgO, a white crystalline deliquescent 
solid, is obtained by dissolving bismuth, its oxide or carbonate in 
nitric acid and crystallising. It dissolves in water in presence of 
nitric acid. On the addition of much water, an insoluble basic 
nitrate, known as bismuth subnitraie, BiONOj, precipitates. 

Bi(N03)3 + HgO ^ BiONOa + 2HNO3. The sub-nitrate is used 
as a medicine in diarrhoea and in gilding porcelain, 

Blsmuthyl carbonate, (BiO),GO„ is precipitated by the addition of sodium 
carbonate to a solution of bismuth nitrate. It b the only carbpnatc formed by the 
elements of this family and serves to show the superior metallic character of bismuth, 
'fhe readiness with which bbmuth forms basic salts shows that its oxide is not a strong 
base. 

Tests. — (i) A bbmuth compound, mixed with fusion mixtifre and heated on 
charcoal in the reducing flame, yields a white, lustrous, brittle bead with an orange- 
yellow incrustation. 

(ii) A solution of a bismuth salt gives a white precipitate of a basic salt on dilution 
with water ; BiGl, + H,0 ^ BiOCl + 2HG1. 

Comparison of N, P, As, Sb and Bi — (i) Elecctrochemical character. — 

These elexnents, belonging to the 5th group in the periodic table, show a regular 
•gradation in properties with a progressive decrease of non-metallic character from 
die typical non-metab N, and P to the typical metal Bi ; As and Sb are 
snetalloids, 

(ii) Physical properties. — ^These dements have low m. p’s. and (except Sb 
and Bi) low b.p.’s Their molecules contain more than one atom in the vapour 
state. 
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Atomic number 
Atomic weight 
Density of solid 
Melting point 

MoieaJ^ (vapour) 


’ N P As 


Sb Bi 


7 15 33 

14.008 30.98 74.91 

r.0265 1.83 5.73 

210^ 44.1® 814.5® 

196® 287® 615® 

Ni P4 As4 


51 83 

121.76 209.0 

6.71 9.80 

630.5® 271® 

1380® 1480® 

Sbg BI4 


(iii) AUotrow* — These elements exist in allotropic forms. Active nitrogen 
is an a^otrope of ordinary nitrogen. Allotropes of phosphorus are yellow P (solimle 
in GS 4 ), red P, and black P (feeble conductor of electricity). Allotropes of As are 
yellow As (soluble in GS]), black As, and gray As (marked lustre and conductivity). 
Yellow Sb is soluble in GS|, other forms black antimony and metallic antimony. 
Grey As, antimony and bismuth show metallic lustre and conductivity. 


(iv) Valency. — ^The valencies arc generally 3 and 5 — hydrogen valency 3 as 
in NH 4 , and PHj and the highest oxygen valency 5 as in and PaO|. 


(v) CShemical properties. — ^Nitrogen is inert, while phosphorus is very active 
and catches fire in air. As, Sb and Bi burn to their oxides when heated in air. Less 
electropositive than hydrogen, P, As, Sb and Bi are not attacked by non-oxidising 
acids HGl and dil. HaS 04 . Hot concentrated HNO 3 oxidises P, As and Sb to Pfia, 
AsjOi and Sb^O^ (showing non-metallic character of Sb) and Bi to bismuth nitrate, 
and concentrated H 4 SO4 converts As to AsaOa, and Sb and Bi to their 
sulphates. 

(vi) Hydrides. — ^The elements form gaseous hydrides of the type NHj — their 
stability, basic character, and solubility in water decrease steadily from* NH, to 
bimuthine BiHa. NHs is stable, distinctly basic, and highly soluble in water — solution 
is alkaline ; PHj is less stable, faintly basic and slightly soluble in water — solution 
is neutral to litmus.' AsH|, SbH,, BiH^ are all neutral and insoluble in water . AsH^ 
and SbHa are readily decomposed by heat, while BiHa is very unstable. These 
hydrides are reducing agents— NHa at high temperature only. Besides NHa» nitrogen 
fronts hydrazine, NaHa ; a basic liquid, and the hydrazoic acid NaH. Phosphorus 

forms PaHa, a neutral volatile liquid and an analogue of NgHa. 

(vii) Oxides and oxyadds. — ^These elements form oxides of the type NaOs 

whose acidic character decreases from NaOa to BiaOa. NaOa and PaOa are acidic 
and with water form nitrous and phosphorus acids respectively. Asapa though 
mainly acidic forming HaAsOt with water shows feeble basic properties. SbaOa 
is also amphoteric like AsaOa* BiaOa is mainly basic but shows very feeble acid 
properties. They all form typical acidic pentoxides of the type PaOa — ^acid property 
diminishes gradually such that Bi|0» is only feebly acidic. Pentoxides are the 
anhydrides of the corresponding oxyacids HNOa, H^PO^y HaAsOa and HaSbOa, 
only bismuthates (aCid not isolated) are known, e.g., NaBiOa. These elements also 
form oxide of the type NaOa ; P^Oa, AsaO^ and SbgOa are mixed anhydride, 

while BiaOa is a mix^ oxide. Nitrogen also forms two neutral oxides NaO and NO. 


N, P, and As resemble non-metals in not forming salts. Sb forms unstable sulphate, 
while Bi forms salts which are readily hydrolysed. 

(viii) Chlorides. — ^The chlorides are NCla> PCla, PCI 5 , AsCla, SbCla, SbCl^. 
and BiCla. They are decomposed by water — tendency towards hydrolysis decrease 
with increasing metallic character. NClg (explosive liquid), PCla (liquid) and 
PCla (solid) are irreversibly hydrolysed by water. 

NCla + 3HaO == NH, + 3HOC1 ; PCI, + 3HaO = HaPO, + 3HC1. 

Chlorides of As, Sb and Bi and but reversibly hydrolysed by water. 

SbCl, -h HaO vi SbOCl -1- 2HC1 ; BiCl, + Ufi BiOCl + 2HC1. 

(ix) Metallic compoonds. — ^All these elements form compounds with metals, 
e.g., MgaNa, GaaP,, NaaAs, MgaSb, and MgaBi,. 

M Sulphidea. — Sulphides of nitrogen and phosphorus, e.g., NaS, (deep red 
iiquid) and PaS, (pale yellow solid), are readily hydrolysed by water : 
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P,S, + 8HjO = 2HaPO* + 5H,S. 

As and Sb form the tri- and pentasiilphides, e.g.; As,Ss, As^Ss and Sb^Ss, Sb|Sg» 
but bismuth only the trisulphide, Bi^Sg. Arsenic and antimony sulphides are ^luble 
in dilute alkali hydroxide, forming thio- and oxysalts, and in alkali sulphide yielding 
thiosalts. But bismuth sulphide is insoluble in the^ reagents. 


Exercises, 

1. Describe the preparation of arsenic. Discuss the family relationship of 

phosphorus, arsenic, antimony and bismuth. Smbay *53 

2. What are the chief sources of white arsenic ? How this may be converted 

into arsenic, arsenic trichloride, arsenic acid, arsenious sulphide ? ^ Punjab *45 

3. Describe the preparation of arsenic, and compare its properties with those 
of ammonia and phosphine. 

4. Explain with equations what happens when : (a) arsine is passed into 

silver nitrate solution, (b) bismuth chloride is inured into water, (c) arsenic trisulphide 
is digested with caustic alkali and then acidified, (d) potassium iodide is added to 
sodium arsenate solution, (e) arsenious oxide is boiled with hydrochloric acid and 
copper foil. 


XXV 

Boron 

Symbol B. Atomic weight 10.82. Atomic number 5. Density 2.34. Atomic 
volume 4.62. M. pt. 2300"G. B. pt. 2550‘»C. Valency 3. 

• 

History and occurrence. — ^The use of borax as a flux and a glaze was known 
from early times. But the clement boron was isolated by the electrolysis of moist 
i>oric acid by Davy in 1807, who also made it in 1808 by heating fused boric acid 
(i.e., boron trioxide) with potassium. 

Boron does not occur in the free state but only as (i) boric acid HgBOg in the 
hot springs of Tuscany, and (ii) borates — several mineral borates are : (a) tincal 
or native borax, NaaB 407 , lOHgO, in India, Tibet, Ceylon and California, (b) cole- 
manite, CagEgOii, SHjO in California and Asia Minor, (c) ulexite or boro*natro 
calcite NagB 407 , CagBsOn, lOHgO in Chile, and (d) bors^cit^ MgClg, 2 Mg 8 B 40 ]g 
jn Stassfurt deposits. 

Preparation. — Boron may be obtained in forms, amorphous 
and crystalline. Amorphous boron is prepared : (a) by heating boron 
trioxide with sodium, potassium, inagnesium or aluminium, or (b) by 
heating potassium borofluoride with potassium or magnesium, in a 
t:overed crucible : * 

BaOa + 3Mg = 3MgO + 2B ; 3K + KBF 4 ~ 4KF + B. . 

The reaction product is washed with hot hydrochloric acid, then 
with hot water and finally dried in a steam oven, when the amorphous 
form is obtained as a brown powder. 

Hard, steel-grey boron is made by melting the amorphous boron in an electric 
arc in an atmosphere of hydrogen. 

Pure crystalline boron is obtained as a black, hard solid by striking 
an electric arc between water-cooled copper electrodes in a mixture of 
boron trichloride vapour and hydrogen. 2BC1,H'3H, = 2B-t-6HCl.- 
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Pure crystals of boron deposit on a tantalum filament heated to 1200^ in a mixture 
of hydrogen and boron tribromide vapour. 

The ^called c^talline boron (adamantine boron) made by fusing amorphous, 
boron with aluminium and then dissolving out the latter with hydrochloric actd^ is*' 
nothing but aluminium boride. % 

Prt^rdes. — (i) Boron is hard, steel-grey, high-melting-point 
solid ; it is unaffected by air or oxygen at ordinary temperature. 

Crystalline boron is much harder but less reactive than the amorphous form — the 
former, for example, may be strongly heated in air without being oxidised, whereas 
the latter smoulders in air at 700°, forming B|Os and some BN. The amorphous 
boron bums when heated in air, forming oxide a^ nitride. 

(ii) It forms boron nitride when heated in a current of nitrogen ; 
boron nitride is decomposed by steam. 

2B + Nj = 2BN ; BN + 3HOH = NH 3 + HaBO,. 

(iii) It dissolves in oxidising acids, such as nitric acid or concen- 
trated sulphuric acid, yielding boric acid, but it is not attacked by 
hydrochloric acid. 2B + 3 HaS 04 = 2 H 3 BO 8 + 3SOa. 

(iv) It reacts with fused alkalis to form borates and hydrogen. 

2B + 2NaOH + 2HaO = 2NaBOa + 3 H 2 . 

(v) It forms boron trichloride when heated in chlorine ; boron 
trichloride may also be obtained by heating boron trioxide and^ coke 
together in a current of chlorine ; it is hydrolysed by water, yielding 
boric acid. 

BjOe+3C+3Cl, = 2Ba,+3CO ; Ba,+3HOH = 3Ha + H,BO, 

Boron trifluoride is obtained by the spontaneous combustion of boron in fluorine 
or by heating a mixture of boron trioxide, fluorspar and strong sulphuric acid in 
a lead retort. B|Oa + SCaF, + 311,804 = 2BF, -f 3GaS04 + 3H|0. 

It is decomposed by water yielding boric acid and fiuoboric acid. 

4BF, + 3HOH = H,BO, + 3 HBF 4 . 

(vi) Several hydruUs of boron, such as boro-ethane B,!!, and boro-butane B|H|o, 
have been prepared by the action of dilute hydrochloric acid upon ma^esium boride. 
They are readily hy^olysed by water, yielding hydrogen and boric acid. 

BgH, + 6H,0 = 6H, + 2H,BO,. 

(vil) Boron combines with most metals at high temperatures in the electric 
furnace, forming very hard metallic borides. Extremely hard boron carbide (hardest 
substance known) B4G, an abrasive, is made technically by heating BgO, and coke 
in an electric furnace. 

3Mg tf- 2B = MgjB, ; 2B,0, + 7G = B 4 G + 6 CO. 

(viii) Boron can^ displace carbon and silicon from their oxides on strong heating : 

3SiO, + 4B == 2B,0, -h 3Si. 

Boric Acid, H 3 BO 3 , also called boracic acid, is found in the 
saffioni (steam jets of the volcanic vapours in Tuscany) — this on con- 
densation and concentration yields boric acid. It is prepared by 
adding concentrated hydrochloric acid to a hot saturated solution of 
borax — ^pearly white, silky crystals of boric acid separate on cooling : 

NaaB 407 + 2HC1 + SH^O = 2NaCl + 4 H 3 BO 3 . 

These are washed with cold water and recrystallised from hot 
water. 
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Boric acid is manufactured mainly from native calcium borate, colmdnite. 

Sulphur dioxide b passed through powdered colemanite, suspended in boiling water ; 
calcium sulphite and boric acid are formed — the former dissolving in excess of sulphur 
dioxide forming calcium bisulphite and the boric acid crystallising out on 
cooling : ^ 

2Ca0,3B40a + 2SOa + 9H,0 = 2CaS03 + bHaBOa. 

2CaSOa + 2HaO + 280, = JCaCHSOa),. 

Properties. — (i) Ordinary boric acid or orihoboric acid^ H3BO3, 
forms soft, silky, pearly white crystals which are greasy to thenouch, 
sparingly soluble in cold water but more freely in hot — solubility, 
3.7% at 12° and about 28% at 100°. Boric acid is volatile in steam. 

(ii) A very weak acid (weaker than carbonic acid), it turns yellow 
turmeric paper brown, and litmus wine-red, and has no action upon 
methyl orange. Since it is a weak acid its salts are hydrolysed by 
water. Boric acid may be titrated with caustic soda in presence of an 
excess of glycerine^ using phenolphthalein as indicator. It then acts 
as a monobasic acid. H3BO3 + NaOH = NaBOg + 2H2O. 

(iii) Orthoboric acid is decomposed by heat, yielding metaboric 
acid, HBO2, at 100°, and pyroboric acid, H2B4O7, at 140° : still 
stronger heating yields a glassy mass of boron trio:<[ide : 

. H3BO3-H2O = HBO2 ; 4HBO2-H3O = H3B4O7. 

H3B4O7-H3O = 2B2O3 ; B2O3 + 3H3O = 2H3BO3. 

Boron trioxide b an amphoteric oxide ; with water it forms bortc acid. Boric acid 
yields boron hydrogen sulphate B(HS 04 ) 8 , with sulphur trioxide, and boron phosphate 
BPO 4 with phosphoric acid, showing feebly basic property of boron trioxide. 

Uses, (i) In medicine as an antiseptic as borated cotton, boracic powder and 
hcfacic ointment which contains the acid mixed with vaseline or lard. It b used in 
weak solution as an eye lotion, (ii) in the manufacture of glass and glaze, and 
(iii) in the preservation of food. 

Borax, Na2B407, IOH2O, is sodium pyroborate (tetraborate). It 
is prepared from : 

(i) colemanite by boiling the finely powdered mineral with sodium 
carbonate solution ; the insoluble calcium carbonate is filtered off — the 
filtrate on concentration yields crystals of borax. The sodium 
metaborate in the mother-liquor i^ converted into borax by passing 
in carbon dioxide through the solution — the second crop of crystals of 
borax separates out, leaving the sodium carbonate in^the solution. 

2Ca0,3B203 + 2Na2C03 = 2CaC03 + Na2B407 ^ 2NaB02. 

4NaB02 + CO 2 = Na 2 B 407 + JJagCOa 

(ii) boric acid by boiling with soda ash — the solution is crystallised 
to yield borax : 4HaB03 + NagCOj = Na2B407 + 6H2O + CO2. 

(iii) native borax, called tincal, found in almost dried up lakes in Northern India 
and in Searle’s lake in Gsdifomia, containing about 55 p.c. 1 x»rax, by recrystallisation, 
i.e., crude borax b dissolved in hot water and then cooled when pure borax deposits. 

Properties. — (i) Ordinary borax Na2B407, lOHjO is monoclinic 
and crystallises below 62° ; above this octahedral borax Na2B407, 
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5 H 2 O separates. Borax forms white efQorscent crystals which are 
soluble in water — the solution is alkaline due to hydrolysis : 

+ 7HaO ^ 2NaOH + 4 H 3 BO 8 . 

Boric acid is so weak that a solution of borax (like sodium carbonate) may be 
titrated against hydrochloric acid, using methyl orange indicator. 

NaAO^ + 51^,0 + 2HCI = WaBOj + 2NaCl. 

(ii) When heated borax loses water and swells into a white mass, 
which then fuses to a colourless transparent glass, the so-called ‘l^orax 
bead*. 

The borax bead can dissolve metallic oxides to form metalwrates which in certain 
cases have characteristic colours ; cobalt metaborate, for example, is blue. 

NaaB 40 , + GoO = 2NaBO, -|- CoCBO*)*. 

The formation of coloured metaborates by certain metals is used in ‘borax bead 
test* in qualitative analysis — the colour depends on whether the test is carried out 
in the oxidising or reducing flame of the Bunsen burner : 


Compounds of : 

Colour of borax bead in : 


{oxidising flam) 

{reducing flame) 

• 

Chromium 

Green 

• Green 

Manganese 

Amethyst 

\ Colourless 

Iron 

Yellow (cold) 

1 Bottle green 

Cobalt 

Deep blue 

>’ Deep blue 

Nickel ^ 

Brownish (colti) 

: Grey 

^ Copper 

1 

Green (hot) ; blue (cold) 

Colourless or red 


Uses of borax.— (i) In the manufacture of optical and hard glass, enamels, 
and glazes for pottery ; (ii) As an antiseptic in making medicinal soaps, and in the 
the preservation of food, as a flux in soldering, in stiffening candle-wicks, and in 
laundering to give a gloss on ironing, (iii) In borax bead test in qualitative 
analysis. 

Tests of boric acid, — (i) Cobalt nitrate test . — blue mass is obtained on heating 
a borale moistened with cobalt nitrate solution on charcoal in an oxidising 
flame. 

(ii) A solution of borate on being acidified with hydrochloric acid, turns turmeric 
paper brown. ^ 

(iii) A borate made into a paste \^ith concentrated sulphuric acid and ethyl 
alcohol, and set fire to, burns with a green-edged flame. 

B(OH), + SGjH.OH ^ B(OG,H,)j + 3HaO. 

The vapour of ethyl borate B(OC 2 H ,)3 formed burns with the green-edged 
flame. • 


Silicon 

Symbol Si, Atomic weight 28.09. Atomic number 14. Density 2.49 
(crystalline), 2.35 (amorphous). M. pt. 1420®C. B. pt. 2600^C, Valency 4. 

History and occurrence. — Gay-Lussac and Thenard in 1809 obtained silicon by 
passing the vapour of silicon fluoride over heated potassium. 

Next to oxygen, silicon is the most abundant element in the earth’s crust containing 
to the extent of 25% as compared with 50% oxygen. It occurs as silicon dioxide 
or silica in various forms, such as quartz, sand, agate and fiinU Silica is Ac acidic 
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constituent of silicate minerals such as clay, AlgO,, 2SiO|, 211,0, and felspur, Kfi, 
AlgOa, GSiOg in igneous rocks. 

Preparation. — Silicon exists in two forms amorphous and 
crystalline : * 

Amorphous silicon is made : (i) by strongly heating a mixture of 
dry silica and magnesium powder in a ycovered silica crucible — 
magnesium oxide and excess silica are removed from the resulting 
mass by successively washing with hydrochloric acid and hydrofluoric 
acid : Si02 + 2Mg = Si + 2MgO. 

(ii) by passing the silicon tetrachloride vapour over heated sodium 
or potassium — the product is washed with water to remove the chloride. 

SiCl4 + 4K = Si + 4KC1. 

Crystalline silicon is made at Niagara by heating a mixture of sand 
and crushed coke in an electric furnace : SiOg + 2C = Si + 2CO. 

Crystalline silicon is also formed when amorphous silicon is crystallised out from 
its solution in molten aluminium, and hence the production of crystalline silicon 
when its compounds, such as silica and silVon tetrachloride, are reduced with 
aluminium. 

3SiGl4 + 4AI -= 4 AICI 3 + 3Si ; 3SiO, + 4A1 = 2Al,0, + 3Si. 

Properties. — (i) Amorphous silicon is a light brown powder^ while 
the crystalline silicon yellow to brown octahedral crystals with metallic 
lustre — both the varieties are fusible at the high temperature of an 
electric furnace. , 

(ii) It is a non-metal — its oxide being distinctly acidic in character •; 
l^ut it is metallic in many of its physical characteristics ; thus the 
crystalline silicon possesses metallic lustre and marked metallic conductivity, 

(iii) Amorphous silicon burns vigorously when heated in oxygen, 
and slowly when heated in air. Si + Og = Si02. But the crystalline 
silicon is not attacked by oxygen even when strongly heated ; in other chemical 
properties it resembles amorphous silicon. 

(iv) Insoluble in water, it slowly decomposes steam at red heat : 

Si + 2 H 2 O = SiOa + 2Ha. 

(iv) It spontaneously ignites in fluorine, forming the fluoride, SiF 4 , 
and burns when heated in chlorine?, yielding silicon tetrachloride, 
SiCl 4 ; these halides are decomposed by water : 

SiCl 4 + 4HOH = 4HC1 + Si(OH )4 (orthosilicic acid). 

(iv) It is insoluble in any single acid but it is attacked 1t>y a mixture 
of nitric and hydrofluoric acids : * 

Si + 6HF = 2Ha + HaSiF® (hydroflousilicic acid). 

(vii) It dissolves in hot concentrated caustic alkalis or in fused 
sodium carbonate : 

Si+2NaOH+HaO = NaaSi 03 + 2 Ha ; Si+NaaCOa = NaaSiOa+C, 

(viii) A mixture of volatile hydrides of silicon, such as silico-methane, SiH^, 
and silico-ethane, SigH,, etc., are formed by the action of hydrodiloric add upon 
magnesium silicide in absence of air : Mg,Si + 4HG1 « 2MgGlg + SiHg. 
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The silicon hydrides are spontaneously inflammable in air. 

(ix) It combines with metals at high temperatures, forming metallic siliddes, 
c.g., MgiSi. 

Uses of silicon* — (i) As a deoxidiser in making steel, and (ii) in the manufacture 
of alloys such as siliconrbron^e, manganise-silicon^bronze, ferro-silicon, and acid-resisting 
silicon steel, such as ironae, ninhVon and duriron* 

Silica, silicon diox^ifle, Si02. — Silica occurs in three amorphous 
forms opaly agaky and flinty and in the crystalline state as quartz^ iridymiUy 
2Ln6t ‘ cristobalite. Quartz in its turn exists in three forms, amethyst y 
cat^s q^By and sand. Three crystalline forms with transition points 
are : 

870® 1470® 1710® 

Quartz ^ Tridymite ^ Cristobalite ^ Liquid 

Quartz is the only stable form below 870®. 

Silica also occurs in vegetable and animal organisms. It is found in the straw 
of cereals and bamboo cane, and in sponges. Kieselguhr is the siliceous skeletons 
of extinct diatoms. 

Pure elHcsu — Pure silica is white solid but ordinary sand is sometimes yellow 
or brownish due to the presence of ferric oxide which may be removed by washing 
with hydrochloric acid. 

Pure amorphous silica may be made from sand or silicate mineral by fusing with 
excess sodium carbonate in a platinum crucible when sodium silicate is formed-— the 
fused mass is extracted with boiling water ; the aqueous extract of sodCum silicate 
on acidification with HGl yields a gelatinous precipitate of silicic acid, which is washed 
with water, dried, and ignited ; , 

, ‘ MgSiO, + Na^COa = MgCOg + NagSiO, 

NagSiO, + 2HCI == 2NaCl + H,SiO, ; H,SiO, = Hfi -h SiO*. 

It may also be prepared by passing silicon tetrachloride into water — the gelatinous 
mass of orthosilicic acid formed is washed with water, dried and ignited ; 

SiCU + 4HOH = 4HC1 -h SiCOH)* ; Si(OH )4 = 2H,0 + SiO,. 

Properties* — (i) Silica is insoluble in water, and in all acids 
except hydrofluoric acid : Si02 + 4HF = SiF 4 + 2 H 2 O. 

(ii) An acidic oxide, silica dissolves in alkalis, and in fused sodium 
carbonate, yielding silicates. 2NaOH + Si02 = NagSiOa + HgO. 

(iii) An intimate mixture of silica and coke heated to whiteness in 
a current of chlorine yields *the colourless volatile liquid silicon 
tetra-chloride,^ SiCl 4 : Si02 + 2C + 204 = SiCl 4 + 2CO. 

(iv) All the varieties of silica soften below 1600° and fuse in the oxyhydrogen 
flame at about 1700°. They become plastic before fusion and may be worked and 
blown like glass or drawn into threads. 

(v) Silica, being non-volatile, can displace volatile acid anhydrides from their 
salts at high temperatures : NasS 04 + Si 02 = Na^SiO, -f SO 3 . 

Detection of siUca. — (i) Microcossnic salt bead test. — ^When heated in a bead 
of microcosmic salt in a platinum wire loop, most silicates and also silica do not dissolve 
in the bead but swim about as a white skeleton, (ii) Vapours of silicon tetrafluoride 
arc evolved by carefully heating a mixture of silica, calcium fluoride and concentrated 
sulphuric acid in a lead crucible — a drop of water at the loop of a platinum wire held 
in the vapour is coated with a white gelatinous deposit of silicic acid : 

SiOa + 4HF = SiF 4 + 2H,0. 3SiF4 + 4H,0 * 2H2SiF4 -f Si(OH) 4 . 
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Uses of oillco* — Qiiuurts (sp. gr. 2.648) or rock crystal occurs sometimes in 
transparent colourless crystals, but more fr^uently in opaque or coloured masses. 
Colourless quartz is used for spectacle lenses, since it is not easily scratched, and 
for lenses and prisms in optical apparatus because of its transparency to infrared and 
uliramlei light. Coloured varieties of quartz, such as amethyst, and cat’s eye are used 
as gems. f 

Sand is quartz which has been crushed during its ynovement by water. It is 
extensively used in making glass, glaze, porcelain, mArtar, silica-bricks, etc., and 
as building material. Sand stone is used in making mill-stones. Agate finds use in 
making mortars and knife-edges. a 

Silica glaasy (quarts glass), made by using sand or quartz in oxy-hydrogen 
flame, possesses many remarkable properties. They are : (i) a very low coefficient 

of expansion so that white-hot silica may be quenched in water without cracking, 
and consequently the use of silica glass in making apparatus subjected to variations 
of temperatures, (ii) infusibility, its softening point is about ISOO** — ordinary glass 
softens above 500°, (iii) transparency to visible light, and also to infrared and 
ultra-violet radiations, and (iv) it is free from alkalis and very resistant to attack 
by acids, and hence its use in the construction of crucibles, condensers, etc. Vitreosil 
is a translucent variety of silica glass. ‘Vycor* is low-expansion glass, essentially of 
silica. 

Garboraiidiim, is an important abrasive, and is manufactured by heating a 
mixture of sand and crushed coke with a little saw dust and common salt in an electric 
furnace to a temperature of 1500° to 2000°C. This is silicon carbide : 

SiO, -b 3G = SiC + 2CO. 

Silica gel, SiO„ aHjO, is obtained as a white gelatinous mass by heating to 
100° a mixture of s^ium silicate and hydrochloric acid. It is used in removing 
sulphur compounds from petroleum, and in drying air blast in iron metallurgy. 
It is used as an adsorbent and drying agent. Platinised silica gel is a contact catalyst 
in making sulphuric acid. * 

4 

The silicic adds sad silicates. — ^The acidic anhydride silicon dioxide being 
insoluble in water, silicic acids are formed by indirect means. Two important silicic 
acids are (i) fnetasilicic acid, HtSiOs, made by the action of acid on a silicate ; 
NajiSiO, -f- 2HC1 = 2NaGl + H,SiOt, and (ii) ortho-silicic acid, H4Si04, made by 
the hydrolysis of silicon tetra halide : 

SiGl4 + 4HOH = Si(OH)4 + 4HG1. 

Many important silicates occur in rock minerals : Talc (soap stone) H^Mg^ 
(SiOa)4 — used in medicine and face powders ; Asbestos, Mg,Ga(SiOs)4 — used as a 
heat-insulator in making fire-proof materials and in covering steam pipes, etc., and 
as a^ filtering medium for corrosive liquids. Alumino-silicates form important 
constituent of many rocks and minerals. Felspar (ortho clase) KAlSi^Og, used 
in glaze, pottery and porecelain. Kaolin (china clay, HaAl2(Si0^s,HgO — used in 
potteiy and porcelain, as a filler in paper, in making ultramarine, and also in 
mediane. Gommon clay, is impure aluminium silicate, used in making earthen- 
wares, bricks, etc. Mica (biotite), KHMgaAla(Si04)s and Mica (muscovite) 
KHaAla(Si04)a — used as electrical insulators, and also for making atove windows 
and lamp chimneys. Garnet, Ga4Ala(Si04)4 — used in making sand paper. Beryl 
is BegAliSigOia. * 

Many silicates, e.g., zinc silicate, zinc beryllium silicate and cadmium silicate, 
arc used as a fluorescent coating on the inside wall of fluorescent tubes (containing 
inert gas such as argon, and mercury vapour at 3 mm pressure) — colours produced 
by these silicates being green, yellow-white and yellow-pink respectively. 

Meta-oilicic add, HgSiOa, is obtained as a white gelations mass containirg 
varying proportions of water, by the action of acids upon a soluble silicate : 
NagSiOg + 2HG1 = 2NaGl -f- HfSiOg. It is a very weak acid. 

Golloida) silicic acid is obtained by slowly adding a dilute solution, of sodium 
silicate to ^Id dilute hydrochloric acid — silicic acid remains in solution in the colloidal 
state. It ii purified by dialysis. It is known as silicic acid sol. (p. 148). ' 
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Sodium silicate, (soluble glass), NosSiOa^ is prepared by fusing 
white sand with nearly twice its weight of sodium carbonate in a 
reverberatory furnace. NajCOg SiOg = Na^SiOg + COg. 

The resulting mass ',is dissolved in hot water under pressure in 
autoclaves to form a^‘ thick solution known as water glass* The 
solution is strongly alkslHne due to hydrolysis. 

Sodium silicate is used as an adhesive cement for joining piec^ of china, as filler 
in clieap soaps, in solution as a preservative for eggs, as an adhesive in making carboard 
boxes, as a detergent in laundries, as a heat-resistant binding agent, to render bricks 
and cements non-porous. Potassium silicate, KsSiO, is also soluble glass. 

Solution of water glass gives a white gelatinous precipitate of silicic acid with 
ammonium chloride or ammonium carbonate solution : 

Na,SiO, + 2NH4CI + 2HaO « HaSiO, + 2NaGl + 2NH4OH 

It ako gives a yellow precipitate of silver 
silicate, soluble in dilute acids and ammonia, 
with silver nitrate solution. 

2 AgN 03 + NaaSiOa = AgaSiO, -H 2NaNOa. 

On placing crystals of soluble salts of such 
metals as copper, nickel, cobalt and mangane.se 
at the bottom of a glass trough filled with a 
solution of sodium silicate, sp. gr. 1.1, and keeping 
overnight, beautiful tree-like growths of insoluble 
silicates, known as silica garden, develop 
(fig. 154). 

• 

Silicon tetraHnoricle, SiF4. — Silicon ignites 
spontaneously in fluorine, forming gaseous silicon 
tetrafiuoride. It is usually prepar^ by heating 
a mixture of fluorspar, GaFa, and white sand 
with concentrated sulphuric acid. The gas is 
passed over dry sodium fluoride to remove HF, 
and is collected over mercury. 

2GaF,-}-2HaS04+Si0a = 2GaS04+SiF4-l-2Ha0. 

Silicon fluoride is a colourless strongly fuming gas. It b decomposed by water, 
forming gelatinoi^ ortho silicic acid, Si(OH)4, and hydrofluo-silicic acid HaSiF,, — a 
Jact utilised in testing silicates or Jluorides, 

. 3SiF4 -h 4H,0 = Si(OH)4 -f 2H,SiFe. 

Hydrofluosilicic acid, HaSiF',, is made in aqueous solution (the pure acid 
is not known) by passing SiF4 in water. The gas, SiF4, is prepared by heating a 
mixture of flu^spar, fine white sand and concentrated sulphuric acid in a flask, and 
is passed into water contained in a cylinder — the end of the dry delivery tube dipping 
into a layemof mercury (a device that prevents the tube becoming dioked with 
gelatinous silicic acid). 

The silicic acid is Altered off. The filtrate is an aqueous solution of hydrofluosilici 
acid. It is partly decomposed in solution : HiSiF, ^ SiF4 + 2HF. 

'nie fluosilicates, Na^SiF, and K^SiF,, are insoluble and are precipitated by 
HaSiF,. Magnesium fluosilicate, MgSiF^, solution is painted over concrete floor 
to harden and polish the surface. NagSiF, is used as an insecticide for chickens. 

Glass. — Glass making is of great antiquity, and it was known to the ancient 
Hindus long before Ghristian era. But it is generally believed that the art orijmated 
in Egypt, where natural carbonate of soda occurs. In the period 2000 — 1500 B.G. 
an important glass industry developed in Egypt. From Egypt the knowledge spread 
to Rome, Gonstantinoplc and Venice. The rest of Europe learnt the art from Venice. 



Fig. 154 
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Olass was extensively employed by the Romans for domestic purposes, and in Britain 
it was produced during Roman occupation. Glass making was also developed 
very early in Assyria. In modern times the most advanced processes of glass 
manufacture were carried on mostly at Jena in Germany. . 

Definition.— is an amorphous transpJ^ent mass of a complex 
mixture of the silicates of one or rmre alkali metal/ with the silicates of one or 
more heavy or alkaline earth metaU^ which is produced when a liquid melt 
solidifies wiihout undergoing crystallisation. # 

Glass is an apparently solid substance, since it has no sharp melting point ; when 
heated, it gradually softens and finally liquefies, and hence it is considered as a viscous 
liquid that has been supercooled. 

Glass is completely isotropic, i.e., it exhibits simliar properties in all directions. 
Glass has the valuable property of becoming plastic on healmg, when it can be blown, 
moulded or rolled into sheets ; molten glass gradually solidifies on cooling without 
showing any tendency to crystallisation. Glasswares, however, develop, usually after 
a lapse of many years, a tendency of losing its transparency and becoming opaque 
due to the crystallisation of the component silicates. This is known as devitrification 
of glass. Glass also devitrifies wh^n heated long to its softening point. A bad conductor 
of heat, glass wares generally crack, when subjected to sudden changes of temperature. 
Glass is more or less resistant to the attack by all chemical reagents except hydrofiuoric 
end— alkalis, however, have very slow corroding action upon glass. 

The Composition of glass. — As already stated, ^lass is a complex 
mixture qf several silicates ; all glass contains silica. Common soda 
glass contains sodium and calcium silicates, and has the approximate 
composition NaaO, CaO, 5Si02. . In addition to or in place of soda, 
NagO, and lime, CaO, special glasses may contain potash, KgO, 
baryta, BaO, magnesia, MgO, lead oxide, PbO, and zinc oxide? 
ZnO, etc. ; they may also sometimes contain borates and phosphates. 
The properties of glass are profoundly modified by its composition, 
and hence based on its composition, glass has been broadly classified 
into : 

(i) Soft glass or soda glass : it contains sodium and calcium 
silicates, and is easily fusible ; e.g., common laboratory glass, window 
glass, and plate glass. 

(ii) Hard glass (potash or Bohemian glass) : it contains 

potassium and calcium silicates, and is harder, less eaSily fusible, and 
more resistant to the attack of cheimcal reagents ; hence its use in 
making chemical apparatus and combustion tubes, etc. Potash is 
employed as potassium carbonate. • 

(iii) Flint glass ; it contains potassium and lead silicates, and 
has high density and refractive index ; hence its use in making lenses 
and prisms. Flint glass is very soft. Lead is used in the form of 
litharge, PbO, or red lead, Pb 304 . 

(iv) Optical glass : it contains as acidic oxide boron trioxide 
and phosphorus pentoxide in place of some silica, and barium oxide 
instead of lime, and occasionally some zinc oxide. Two main types 
of an optical glass are : Crown glass which contains as basic oxide 
mainly potash and barium oxide, and flint glass in which litharge 
reolaces lime. 
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(v) Jeiu| glass and Pyrea glass : they are highly resistant to the 
action of heat and chemical reagents. 

Jena glass contains zinc and barium oxides, and boron trioxide in place of some 
sUica ; it is nuinly a mixture of zinc and barium boro-silicates. It is low in alkali 
content but rich in alumina compared to ordinary glass, ^ex glass contains boron 
trioxide and is very rich in silV^a, but poor in alkali and alumina. It contains sodium 
and aluminium bo;-o-silicatcs. 

It may be noted that (i) increase of silica content, genders glass less fusible and 
harder, but more brittle, (ii) lime reduces fusibility, also increases hardness 
but does not increase brittleness (iii) alkali makes glass softer, more fusible and less 
resistant to chemicals. Ordinary glass absorbs heat radiations and hence its use 
in fire-screens. 

Manafactare of Glass. — Common soda glass contains calcium 
and sodium silicates, and has the approximate composition NagO, 
GaO, SSiOs. It is made by fusing together : (i) silica used in the 
form of white sand (free from iron compounds), or crushed quartz, 
(ii) alkali employed as soda-ash or in the form of a mixture of saltcake 
and charcoal, when sulphur dioxide is evolved : 

2Na2S04 + C + 2Si02 = 2Na2Si03 + CO, + 2SO^ 
and (iii) lime — chalk or limestone or lime itself is used. A typical 
‘charge’ for making a batch of common glass consists of 100 parts of 
sand, 35 — 40 parts of soda-ash, 15 parts of limestone, to which is 
added varying amount of cullet (broken glass). The addition of 

cullet helps the fusion of the 
charge. The raw materials are 
separately crushed, and freed 
from impurities like iron which 
imparts colour to the glass. The 
batch of different raw materials 
is gradually introduced into 
fireclay tank furnace (fig. 155) 
heated by producer gas and air 
on the regenerative principle of 
heat economy to a temperature 
of about 1400°C, until it is 
F*’g. 155 almost filled with the molten 

material. The charge fuses, with 
evolution of gases, into a mobile liquid which is stirred by a fireclay 
rod to obtain a homogeneous melt. 

Decolourising agents, such as manganese dioxide, nitre, etc. arc 
then added to the molten glass to neutralise the green tint of ferrous 
iroriy generally present in the raw materials, — iron being thereby 
oxidised into the ferric slate imparts a faint yellow colour which is 
complimentary to the pink colour of manganese silicate, the product 
is colourless glass. When the charge has assumed a state of quiet 
fusion, and is free from all bubbles of gas, the molten glass is gradually 
cooled to a pasty mass which is then worked into different wares either 
by blowing or by casting in moulds or made into sheets (plate glass) 
by pressing between rollers. 

NajCOa+SiOa = Na^SiOa-t-COj ; CaCOa+SiOa = CaSiOj-f-CO,* 
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ot glMS* — ^Ail^ varieties of glass prepared as above require anne^Uing 
before use, since they are I'able to crack on heating owing to the existence 
of internal strain in them. The defect is remedied by heating the glass wares 
to a temperature of about 500®G so as not to get deformed and then slowly 
and uniformly cooling by passing through a tunneHiUb furnace : the process is 
known as annealing. / 

Goloureil glass b made by adding various metaUic oxides or other substances 
to the molten glass in course of its manufacture. ^ 


Colour of 
glass 

Colouring 

agent 

Colour of 
glass 

Colouring 

agent 

Ruby red 

Gold, selenium, cuprous 
oxide. 

Green 

Chromic oxide, ferric oxide 
with a redudng ag^t. 

Blue 

Cobalt oxide, cupric oxide. 

Amber 

Carbonaceous material with 
sulphur or iron sulphide. 

Opal 

Fluorspar with felspar ; 
tin dioxide or calcium 
phosphate. 

Violet 

Manganese dioxide. 

Ydlow 



Cadmium sulphide, uranium 
oxide. 

Black 

Excess of pyrolusite and 
ferric oxide. 


CSoloured glasses are generally made by melting the batch In clay pots. 
Artificial^ gems are often coloured glasses only. 


Safety glass, used in automobiles, consists of a (polyvinyl acetate resin) plastic 
sheet sandwiched between two pieces of thin plate glass — ^it may be shot through 
by a bullet without shattering. Tempered plate glass is also ottes used as safe^ 
glass. ^ 

Fibre glass is glass reduced to flexible filaments or threads. It is an excellent 
heat insulator. Fibre glass is woven into fabrics for fireproof curtaj^. It is alro 
used as a packing material for distillation columns. Glass is also^un into short 
fibres, known as glass wool. 


Composition : 

1 

SiOj 

Na,0 





ZnO 

B.O, 

Sodalime 

glass 

76 

13 


11 





Potash 

>1 

71 


18 

11 





Flint 


53 


14 


33 




Jena 


65 

8 




5 

12 

10 

Pyrex 

>9 

81 

5 




2* 


12 


When the common glass is manufactured from impure (containing iron oxide) 
raw materials, it generally assumes a green and yellow colour, ^d is known as 
battle glass. It contains sodium, (^cium and iron silicates. Jt is used in 
making cheap medical phials, and bottles, etc. Common glass is. found to contain a trace 
office alkali. • 

Enamel is ordinary glass rendered opaque by opacifiers like tin dioxide, 
antimony oxide, and barium sulphate. Enamelling of iron or brass wares prevents 
atmospheric corrosion, and hence the use of enamelled name plates, and sign boards, 
etc. 

Po^i^ and porcelain. — ^Thc manufacture of china or porcelain was discovered 
in C&ina in the seventh or ninth century A.D, The bsuis of pottery and porcelain 
IS Mm clqjf or kaolin^ Al^O,, 2SiOi, 2H|0, which is easily moulded when wet and 
retaimng its shape on drying and firing. Porcelain is made finm a mixture of pure 
clay tod Andy-ground felspar and quartz— the plastic mass is worked on a potter’s 
wheel, dried in hot chambers, and thin burnt in fire-day box^ called seggars^ itftf kfd 
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in a kiln ; the ceramic body after firing is called biscuit. Earthen were is 
similarly made from clay only. The body after firmg is porous and requires 
glazing. The glaze is easily fusible glass imparted to the surface of the porous body^ 
and having me same composition as the clay beneath. Porcelain is glaz^ 
by dipping into a creamy^aste of a mixture of ground felspar, quartz, kaolin, and 
fiimly adheres to the surfac*;. Table ware is usually glazed with a mixture of lead 
oxide, clay and flints. Eart^nware drain-pipes are salt-glazed by throwing common 
salt into the kiln. 

Besides its use in making china, kaolin is employed as a filler in paper and textile 
indwtries. Clay is also made into bricks and tiles. Clay containing a high proportion 
of silica and alumina is very refractory, and is called fiMday. It is used in making 

firebricka. 

Fuller’s earth is non-plastic clay userl for decolorising oils, etc. Clay is often 
contaminated with lime-stone, sand and iron oxide ; marl is a mixture of clay and 
limestone. 

Comparison of carbon^ silicon, and boron. — In many of its properties carbon 
resembles silicon with which it belongs to the fourth group in periodic table. In 
spite of their belonging to two different groups B and Si show similarities owing 
to diagrmal relationship in periodic table. 


Properties 


Carbon 


Silicon 


Boron 


High-melting non-metals, all these elements exist 
in two allotropic forms, amorphous and. crystalline. 
Graphitic carbon and crystalline silicon possess metallic 
lustre and electrical conductivity. 

3500^ * I 1420" I 2300*^ 

2.34 


Allotropy 

Meldng point ^ 
^Density 

Action of oxygen 
Action of Acids 

Action of steam 

Action of alkali 
Oxides < 

Fluroide and 
chloride. 

Hydrides 

Sulphides 

Metallic compounds. 


2.25 j^aphite 
3.5 diamond 
Bums to COa 

Graphite is oxidis- 
ed by HNOa and 
KCIO, to graphitic 
acid. 

Charcoal decom- 
poses steam at red 
heat. 


COa gas, fairly 
soluble in water, 
feebly acidic ; forms 
carbonic acid and 
carbonate. CO, 
eas. 

CF4, inert gas and 
^>0014, inert liquid 
— ^both are stable 
towards water. 
GH4, GfH^, etc. 
are inert gases, not 
attacked by alkali. 


CS2 inflammable 
liquid. 

Carbides CaC2, etc 


2.5 ciystallinc 
2.35 amorphous 
Amorphous form 
burns to Si02 
Dissolves in a mix- 
ture of HF and 
HNO, 

Slowly decomposes 
steam at red heat. 

Dissolves with 
liberation of Hj 
SiOt, solid, insolu- 
ble, feebly acidic, 
anhydride of silicic 
acid, forms silicate. 
SiO, solid. 

SJF4, gas and 
SiCl4, liquid — ^both 
are hydrolysed by 
water. 

SiH4 gas, and 
Si2H4 liquid — 
spontaneously 
inflammable and 
attacked by alkali. 
SiSg inert solid. 

Silicides GaSi2, etc. 


Burns in air to 
BjOs and BN. 
Dissolves in oxidis- 
ing acids HNO, 
and H2SO4. 


Reacts with libera- 
tion of Hj. 

BjOs, glassy solid, 
amphoteric, forms 
boric acid with 
water and boron- 
phosphate with 
phosphoric acid. 
BFa gas and BCla, 
liquid, b.p. 12.5-~ 
both are hydrolys- 
ed by water. 

BgHe, etc. decom- 
posed by water. 


BaSa solid — ^hydro- 
lysed by water. 
Borides MgaB^etc. 
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Exercises 

1. What is borax? How is it obtained on a large scale? Of what use is 
this compound m qualitative analysis? How may (a) boric acid, (b) boron tri- 
chloride, (c) boron, and (d) boric oxide, be obtained from borax? 

p' Calcuttn *44. 

2. Describe the preparation and properties of sflicon, and discuss its rela- 
tionship to boron and carbon, by considering the p^perties of the elements and 
their compounds. 

3. Give methods for the preparation of boric acid. Give one method fdf the 

detection of boric acid or a borate. Explain the chemistry of borax bead test 
in qualitative analysis. Bombay 1963. 

4. What do you know about the occurrence, properties and uses of silica? 
What happens when (a) silica is strongly heated with carbon, (b) chlorine is 
passed over a heated mixture of coke and silica? Starting from sand how would 
you prepare specimens of (i) water-glass, (ii) silicon tetraduoride, and (iii) silica 

• Allahabad Inter, 

6. What is glass? How is it manufactured? Give an account of the 
different varieties of glass. What are transparent silica and ruby glass? 

U, P. Board *41. 

6. How does silica occur in nature? What are its uses? How would you 

prepare silicon from silica? Write what you know about the allot ropic modi- 
fications of silica. Calcutta *55. 

7. What is dialysis? Describe an experiment to illustrate it. How will you 
prepare colloidal silicic acid and silica from sodium silicate? (p. 148). 


XXVI 

METALS AND METALLIC COMPOUNDS 

Metals are in the service of man from prehistoric days. Our 
material civilisation has been largely due to our knowledge and appli- 
cation of metals. The ‘bronze age’, in human history followed the 
‘stone age’ and preceded the present ‘age of sjeel'. About seventy-four 
of the elements are metals. 

Metals aro generally found in nature as natural materials, ^called mineralSy 
usually in the form of oxides (e.g., haematite, cassiterite, and bauxite, etc.), 
sulphides (e.g., zinc blende, galena, cinnaber, and copper pyrites, etc.), carbonates 
(e.g., lime-stone, magnesite, and dolomite, etc.), and silicate (e.g., felspar, mica, 
and kaolin, etc.), etc. A few metals, such as copper, gold and^ platinum, are 
sometimes found as such in nature, and are then said to occur native. 

Metallurgy : The winninfr and r^fininfr of metals.— Petals are 
obtained from ores. An ore is a mineral .that ina^ be profitably and 
conveniently treated for the extraction of one or more metals. Metal- 
.lurgy is the science and art of winning (or extracting) a metal from 
its ore. 

Every metallic mineral is not suitable for the’ winning of the metal; iron 
'pyrites, for example, is not suitable for the smelting of iron, and is not, there- 
fore, an *ore’ of iron. 

' The method of winning metals from ores varies with the parti- 
cular metal and the* nature of the ores. Native copper, gold find 
platinum are worked up by refining only. 

25 
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Important processes for the extraction of metals include: 

(i) The carbon-redDction process* — The process involves the 
Teduction of a compound of the metal, the ore, to the free metal. 
The principal reducms agent is carbon, usually in the form of coke. 
A typical procedure for the treatment of ores, consists of the follow- 
ing operations: (a) cashing and grinding, (b) concentration, (c) 
cremation or roasting, (cf) smelting or reduction. 

(a) Cnishing and grinding. — The ore, usually found as a rock 
mass, is first crushed to pieces, — a stone-hreaker, jaw crusher, grind- 
ing mill or stamps being employed according to the degree of fineness 
required. The broken staff is then separated into sizes by a scries 
of screens. 

(b) Concentration of the ore, also called dressing the ores. The 

ore generally contains rocky impurity, such as silica and silicates 
called gangue or matrix. Hence the necessity of dressing the ores 
before calcination and smelting. One or more of the following opera- 
tions are usually employed. 

(1) Gravity separation. — The crushed ore is washed in a current of water 
which carries away the light sileceous gangue, leaving the heavy ore behind ; 
the process is used in concentrating the tin ore, cassiterite. 

(2) Magnetic separation. — Many ores differ in magnetic property from rocky 
impurity; magnetic wolfram is removed from non-magnetic cassiterite by eleclio- 
magnelic separation. 

(3) Oil-floatation process. — The process works particularly well with the 
sulphide urea, and is used in concentrating copper pyrites, galena, and blende. 
The crushed ore is churned up with water containing a little oil, such as pine 
and eucalyptus oils, which wets the ore but not the ganguo — the ore therefore, 
collects in the froth formed on the surface of the liquid, and is rqmoved ; the 
ganguo is wetted by water and consequently sinks to the bottom. The ore is 
separated from the froth. Thus the ore concentrate is obtained. 

(c) Calcination and roasting. — Roasting is a process of heating 
the ore without fusion in a plentiful supply of air in order to oxidise 
it Calcination means heating the ore in air without fusion, the 
purpose being to drive off moisture and volatile matter from the ore. 
But the two terms are often used in the same sense ; roasting, how- 
ever, usually involves higher temperature than calcination. Moisture, 
carbon dioxide and impurities, such as arsenic, which form volatile 
oxides, arc eliminated during calcination. The calcined material is in 
a porous state, and is therefore readily reduced duriang smelting. 

The ore concentrates are, usually, subjected to calcination ; the oxide minerals 
cassiterite and hematite, for example, are calcined. The carbonate minerals, such 
as magnesite, MgCO,, and sideTite, FeCO,, are calcined to their oxides : 

MgCOg = MgO + CO, ; FeCO, = FeO -p CO,. 

Ferrous oxide is converted to the ferric state during calcination. 

The sulphide minerals^ such as blende and galena, are roasted in air and 
sintered with incipient fusion at high temperatures in order to convert them 
to oxides : 

2ZnS + 30, = 2ZnO + 2S0, ; 2PbS + 30, =* 2PbO + 2S0,. 

(d) Smeltbig or reduction^ — The calcined ore containing metallic 
oxide, mixed with carbon and flux, is smelted in a furnace* when the 
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oxide is reduced to the metal— is an operation whereby the 
metal is separated hy fusion from the ore. 


^ flux is a substan ce added to the furnace charge to remove the 
gan^e forming a fusible 'body, calTed a slag qt cinder'^ 

ftux + gangue = sla^ 

Tlio selection of ilux depends upon the nature of the gangue ; it must be 
acid to remove basic impurities, and basic for acid impurities. In the siMftslting 
of iron the acid gangue silica is fluxed with lime, yiejding a slag of calcium 
silicate, while in the extraction of copper ferrous oxide is removed as a slag 
of ferrous silicate by adding the acid llax silica. The molten slag floats on the 
eurface of liquid metal (and hence protects it from the action, of air), forming an 
immiscible layer which can be easily drawn off. 

The metals below aluminium in the electro-chemical series (p. 1^) are usually 
obtained by tlie reduction of their oxides with carbon; e.g., zinc^ iron, tin, lead, 
and copper. The oxides of aluminium and inetals above it in the series {except 
inagiiesium) are too stable to be reduced by carbon; these metals are therefore, 
obtained by electrolytic methods. Magnesium oxide is reduced bv carbon at the 
high temperature of electric furnace. 


Furnaces. — A furnace is simply a heating device designed for the production, 
control, and continuous application of heat. It is electrically heated (elecLric 
furnace) or fired by fuels (combustion fur- 
naces) — fuels may be solid (coal), liquid 
(petroleum oil) or gaseous (producer gas, chimMu 
coke oven gas, etc.). Various types of fur- 
nacea are used in metallurgy — common types 
are : (i) Kiln in which fuel and material 
are mixed and air is freely admitted but 
no fusion takes place, e.g., lime kiln. 

(ii) Blast furnace iu which fuel and material 
are mixed and air-blast is sent in near the 
bottom and fusion of the, charge occurs, c.g., 
metallurgy of iron, copper, and lead, 

(iii) Reverberatory furnace in which the 
fuel is burnt in a separate part of the 
furnace, called the fire-place or grating — the 
flame and hot gases only coming in contact 
with the material heated. The furnace 
(fig. 1^), is used when it is desired to heat the charge without mixing with 
the fuel. The chief feature of the furnace is that the flames from the fire place 
strike against the arched roof of the furnace and are deflected on to the 
charge on the heesrth. Reverberatory furnace is used both for roasting and 
smelting. 



(iv) Muffle furnace in which the chamber (called muffle) containing the 
material is heated externally by the .flame and fire gases circulating in flues 
surrounding it. Products of combustion as well as the fuel do not come in contact 
with the material in a muffle furnace, e.g., salt-cake muffle furnace. Electric 
mufflea are also frequently used, (v) Retort furnace is Jieated externally, e.g., 
metallurgy of zinc, (vi) Regenerative furnace in which the sensible heat n' l^be 
escaping gases from the furnace is used to preheat the air or air and gas, supplied 
to furnace, e.g,, open hearth furnace for making steel, tank furnace for 
glass. 

Electric furnaces (arc—, resistance—, or induction furnaces) are largely used 
when high temperatures (manufacture of calcium carbide, graphite, etc.) or 
electrolytic reduction (extraction of Al) are required, and where elctric power is 
qheap e.g.. hydroelectric power. An electric furnace is capable of producing as 
a.i&gb a temperature as 4000" C whereas the highest in a combustion fui^ace is 
somewhat below 1500*. 
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(ii) Th^ self-r^octioil process. — As already sitated above, the 
sulphide ores are roasted and sintered into oxides, which are then 
smelted with carbon, e.g., zinc blende and galena. But it is often 
partially roasted, and the oxide or sulphate produced is reduced by the 
unchanged sulphide during smelting. This is a self-reduciion process, 
since the reduction takes ^lace by the sulphide itself: 

2PbS+30jj = 2Pb&+2S02 ; PbS+20^ = PbSO^ 

' 2PbO + PbS = 3Pb+SO,; PbS + PbSO^ = 2Pb+2SO, 

Copper and lead are made by the self-reduction process. 

The metals, of which the oxides readily lose oxygen, can be obtained by 
simple roasting or by smelting with lime : 

HgS -I- O, = Hg + SO, ; 4HgS + 4CaO = 4Hg -h 3CaS + CaSO*. 

Sulphide minerals can be reduced bv iron, which is converted into iron 
sulphide : Sb^S, + 3Fe = 2Sb + 3FeS ; HgS + Fe = Hg + FeS. 

(iii) The thermit process. — Some metals, c.g., Cr and Mn, are 
made by reduction of their oxides with a more active metal, e.g., 
aluminium. 

Cr 303 + 2A1 = 2Cr + Al^ ; + SAl = 9Mn -i- 4 AI 3 O 3 . 

(iv) The electrolytic method. — The alkali and alkaline earth metals 
are too strongly electro-positive (standing at .the head of the electro- 
chemical series) to be made by the electrolysis of the aqueous solutions 
of their salts;, they are obtained by» the electrolysis of fused chlorides \ 
e^g., sodium, potassium, calcium, and magnesium. Fused hydroxide is 
also used for sodium and potassium. 

Aluminium is also too electro-positive to be separated from its aqueous solu- 
tion. It is made by the electrolysis of aluminium oxide dissolved in a bath of 
molten cryolite and fluorspar. 

Metals below aluminium in the series may also be isolated by the electrolysis 
of an aqueous solution. The process is used for obtaining copper and zinc (wet 
process of mfitollurgy). The electrolytic method is generally applied for the 
reflning of metals; e.g., copper, nickel, tin and lead, 

(v) Special process. — Gold and silver are extracted by amedgomation with 
mercury — ^the mercury is subsequently distilled off. The metals may also be 
obtained by alloying with lead and then removing the lead by cupellation. 

Processes involving precipitation of the noble metals gold and silver from 
aqueous solutions are in use; e.g.,® in the cyanide process gold apd silver are 
precipitated from the cyanide leach by scrap zinc. Copper is precipitated from 
aqueous solutioip by scrap iron : CuSG, + Fe = FeSO^ Cu. 

Reliniiig metals,— The crude metals obtained by smelting,^ are generidly 
thermally refined : (i) by the oxidation oi the easily oxidisable impurities by passing 
air through the molten 'metal : e.g,, copper, iron, and tin, etc. ; (li) by tFe distilla- 
tion of easily volatile metal ; e.g., zinc, etc, ; (iii) by the liquation of readily 
fusible metals, e.g., tin, etc. 

Chemically pure metal is however made by electrolytic reflning; Copper, 
duminium, stiver, and lead etc. 

Usual methods for winnins a metal from its sulphide ore are : (a) aimple 
roasting in air, e.g., mercury, or roasting in air to oxides and then reduction with 
carbon, e.g., zinc and lead, (b) self -reduction process, e.g., copper and lead, 
(o) reduction with iron, e.g., mercury and antimony, (d) electrolytic propeag, ^g., 
sino hud copper. Silver is obtained from silver glance, AgA ^7 oyaSide 
process. 
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Alloys. — An alloy is a metallic material containing- two or more elements in 
intimate association, nsually produced on solidification of the molten mixture. 
The principal objects of alloy-making are : (i) to improve — the mechanical proper- 
ties, such as hardness, tensile strength, etc., (ii) to facilitate the production of 
sound and workable castings and (iii) to resist the atmospheric and chemical 
corrosion. Alloying generally decreases the malle/biUiy and conductivity of 
metals. / 

/ 

Alloys are made : (i) by fusing the metals together or mixing them in the 
molten state — ^this is the method commonly used. Brass is made by melting zinc 
and copper together ; (ii) by compression of finely divided metals ; Wood’s fusible 
alloy is thus prepared from Pb, Sn, Bi and Cd pov/ders; (iii) by simultaneous 
electrodeposition of metals from a solution, e.g., copper and zinc as brass, from 
a solution of their cyanides in potassium cyanide. 

The solid alloy may either be homogeneous or heterogeneous; a homogeneous 
alloy may be solid solution, a pure compound or a solid solution of a compound 
in excess of one of the meteds. The separate phases of a heterogeneous alloy 
may consist of pure metals, one or more compcnmds, or solid solutions of metals 
or their compounds, in metals. 

An amalgam is an alloy containing mercury as one of the components, e.g., 
sodium amalgam. 

Alloys find extensive anplications in arts and industries. Modem machine 
civilisation depends not a little upon the proper fabrication of alloys. Several 
useful alloys are : 


Alloy 

Composition in per cent 

Uses 

Brass 

Cu 60-80, Zn 40-20 

Sheets, tubes, etc. • 

Bronze 

Cu 75-90, Sn 26-10 

Coins, statues, etc. 

Stainless steel 

Fe 88-86, Cr 12-14 

Cutlery. 

Magnalium 

A1 98, Mg 2 

Airship construction. 

Duralumin 

A1 95, Cu 4, Mg 0-5, Mn 0-6 

Airship construction. 

German silver 

Cu 25-50, Zn 35-25, Ni 35-10 

Plates, etc. 


Metallic compounds. — Oxides: Oxides may be prepared: 

(i) by heating a metal in air or oxygen, except the noble metals 
gold, silver and platinum; e.g., 2Zn + 02 =2ZnO. 

(ii) by passing steam over a red-hot metal ; e.g. 

Mg + Hp = MgO + H^ ; 3Fe+4Hp = 

(iii) by heating the hydroxide, carbonate, and nitrate of a metal 
(except sodium and potassium) or by roasting the sulphye in air. 

2A1(0H)3 = Aip, + 3H,0 ; CslCO, = CaO -i- Cf>^ 

2 Pb(N 03 )a = 2Pb0+4N03-h03 ; 2ZnSH-303,= 2 ZnO-f. 2 S 03 

(iv) by precipitating unstable hydroxides, such as of mercury and 
silver, by caustic soda solution: 

2 AgN 03 -i- 2 Na 0 H = 2 NaN 03 -i- Ag^O-t-HaO. 

Properties: — (i) The oxides are insoluble in water, except those of alkali and 
alkaline earth oxides which dissolve yielding hydroxides — ^magnesium oxide is 
only slightly soluble : Na^O -f H,0 = 2NaOH CaO + H^O = Ca(OH)a. 

(ii) The oxides, being basic, dissolve in acids, yielding salt and water; the 
amphoteric oxides of zinc, tin, lead and aluminium, react both with acids and 
alkalis ; ZnO + 2HC1 = ZnCl^ + H,0 ; ZnO -f 2NaOH » Na^ZnO, -f H,0. • 
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(Hi) Peroxides dissolve in dilute acids, yielding hydrogen peroxide; poly- 
oxides, e.g., of lead and manganese, dissolve in hot concentrated H^SO^ and HOI, 
yielding oxygen and chlorine respectively : 

2PbO, + 2H,SO, = 2PbSO, + 2H,0 + 0.. 

PbO, + 4HC1 =\PbCl, + 2H,0 + Cl,. 

Hydroxides. — ^Prepar^on : Soluble hydroxides o{ alkali and alka- 
line earth metals may be made by dissolving the metal or oxide in 
watef^. CaO + HP = CapH)^ ; 2Na + 2Hp = 2NaOH+H^. 

(ii) Insoluble hydroxides are precipitated by the action of caustic 
soda or ammonium hydroxide upon a salt solution. Caustic soda is 
the precipitant used, if the hydroxide is soluble in ammonia or 
ammonium salts, e.g., hydroxide of copfnrr. Ammonium hydroxide is 
employed in precipitating amphoteric hydroxides, which are soluble in 
caustic soda ; e.g., hydroxides of zinc, aluminium and tin Hydroxides 
of silver and mercury being: unstable, caustic soda precipitates their 
oxides : Al 2 (SO ,)3 + 6NHPH = aCNHJ^SO, + 2 A 1 ( 0 H) 3 . 

MgCl2+2NaOH = Mg(OH),+2NaCI. 

Properties. — (i) Sodium and potassium hydroxides arc white crystalline deli- 
quescent solids which Mro highly corrosivt; other hydroxides are also white, except 
the 'pale hive copper hydroxide and the brown ferric hydroxide. 

• 

(ii) Sodium and potassium hydroxides are soluble in water — solution strongly 
alkaline (caustic alhalis) ; other hydroxides arc insoluble, except Ca(OH), which 
dissolves fairly ip w’ater ; Mg(OH)a is only slightly soluble. 

• (iii) The hydroxides, being all basic y dissolve in acids, yielding ^ salt and 
water. The amphoteric hydroxides of Zn, Al, Sn and Pb, also dissolve in caustic 
soda or potash ; hydroxides of Ca, Mg and Zn are soluble in excess of ammonnim 
salts. Copper hydroxide dissolves in excess of ammonia, giving a deep blue 
solution. 2Al(0H)j, + 2NaOH = 2NaAl02 + 4HaO. 

Mg(OH), -f 2NH,C1 : MgCl, + 2NH,0ir. 

(iv) Sodium and potassium hydroxides melt without decomposition, on heat- 
ing ; other hydroxides are decomposed by heat into oxide and water : 

2A1(0H)., = AlA + 3H,0. 

(v) Sodium and potassium hydroxides precipitate insoluble hydroxides^ of 
metals from salt solutions, and liberate ammonia from ammonium salts — calcium 
hydroxide does also liberate ammonia from its salts : 

NH^Cl + NaOH = NH, + Ufi + NaCI. 

Chlorides.— Preparation.- (i) Anhydrous chlorides are generally 
prepared: (i) by heating the metal in a current of chlorine or hydro- 
chloric acid gas, c.g.,„ Sn+2Cl2 =SnCl 4 : Sn-h2HCl = SnCl^-f-Hj. 

(ii) by heating a mixture of metallic oxide and coke in a current 
of chlorine, e.g., MgO + C + Clj = MgClg + CO. 

or (iii) by heating a hydrated chloride in a current of HCl gas, 
e.g., anhydrous MgClj. 

(b) Hydrated chlorides are made : (i) by dissolving the metal in 
hydrochloric acid or aqua regia: 

Te-f 2HC1 = FeClj+Hj ; Fe4-3C1 (aqua regia) = FeClj. 

Pb, Cu, Hg and Ag do not £ssolve in hydrochloric acid. 
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or (ii) bjr dissolving the oxide, hydroxide, carbonate or sulphide 
of the metal in hydrochloric acid, e.g., 

Fe,Oj + 6 HC 1 = 2 FeCl, + 3 HjO ; Al(OH), + 8 HC 1 = AlCl, + 3 H, 0 . 
MgCO,+ 2 HCl = MgCl,+H ,0 + C 0 , ; FcS+ 2 HCl = FcCl,+H,S. 

In the case of metals showing variable j^alency, e.g. Fe, Sn, Cu, 
and //g, treatment with chlorine or aqua /egia yields -ic salts, and 
that with hydrochloric acid (when it reacts) produces -ous salt, 

(c) Insoluble chlorides, e.g., PbClj, HggClg, and AgCl, are preci- 
pitated by double decomposition by the action of hydrochloric acid or 
sodium chloride upon a salt solution, e.g., 

AgN 03 +HCl = HN 03 +AgCl. 

(d) An -ous chloride is converted to the -ic state by .treatment with 
chlorine or aqua regia, e.g., Hg3Cla4-2Cl (aqua regia) = 2HgCl3. 

An -tc chloride is converted to the -ous state by the action of a 
reducing agent, e.g., nascent hydrogen, stannous chloride, sulphur 
dioxide, metal, etc. ; e.g., 

HgCl^ + Hg = Hg^CU ; 2FeCl3 + SnCl^ = 2FeCl3 + SnCl,. 

2CUCI3 + H3SO3 + H3O = CU3CI3 4- H3SO, + 2 HC 1 . 

Properties. — (i) The chlorides are white or colourless, crystalline solids soluble 
in water, Nvlth several exception, — CuCl^, 2H2O, and FeClj, 4Hj,0 are green; 
FeClj,, 6HjO, yellow \ AgCl and HgjClj are amorphous powders*, stannic and 
plumbic chlorides are fuming liquids; AgCl, PbCl„ HgjCla, and CuaCl, are 
Insoluble in water — PbCl, is, however, soluble in boiling water.*' 

(ii) When heated, hydrated chlorides generally lose water and becoifte 
anhydrous, e.g., CaCl3,6HaO; but some decompose into their oxides, e.g.,; 

MgCi3,6H,0 = MgO + 2IIC1 + 5H,0 
2A1C13,6H30 = AI3O, + 6HC1 + 9H,0. 

Anhydrous higher chlorides decompose into lower chlorides on heating, e.g., 
2CuCla = CuaClj + CI3 ; 2FeCl3 N 2F€Cl3 + CI3. Chlorides of mercury sub- 
lime unchanged, and other chlorides, such as NaCl, KCl, AgCl, etc. simply fuse 
on heating. 

(iii) A chloride yields chlorine on being heated with a mixture of concen- 
trated HjSO^ and manganese dioxide, (p. 274). 

Cu, Hg, Fe, Sn and Pb show variable valency and yield two chlorides each. 

Nitrates. — ^Preparation, — Nitrates may be prepared: (i) by dissolv- 
ing the metal in nitric acid. When a metal forms two nitrates, hot 
concentrated acid yields the -ic nitrate, and cold dilute acid the -ous 
nitrate, especially in presence of excess of the metal (p. 350 ). 

Fe + 4HN03 (hot concentrated) = Fe(N03)3 + 2H20 + NO 

4 Fe + l0HNO3 (cold dilute) = 4Fe(N03)^+3H30 + NH4N03 

or (ii) by dissolving the oxide, hydroxide, carbonate or sulphide in 
nitric acid, e.g., CaC03+2HN03 =,Ca(N03)3 4-H30 + C03 ; 

Pb 0 -H 2 HN 03 = Pb(N 03 )a+H 30 . 

The nitrate is crystallised out from solution by concentration. 

Properties.'— (i) The nitrates are colourless or white (cupric nitrate is blue ; 
ferrous nitrate FeCNO.),, 6H3O, is green), crystalline solids, soluble in water. 
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oxygon) : 2P6(N0,). = ZPboVdNO, +o!“ “nIn^ 

«ilvef^^gN0r«2A/lTOr+ b““ ^®2Aj§btV2Ag^2NO’+^^^ 

chtikcai Ji„ ^ F^-H so““]fe JS" “ >!■« decno- 

fe”;nar,p“3‘S)f“‘ 

2H,SO^ ,=i Ag,SO«+SO,+2HjO. 

sulphuric carbonate, or sulphide in 

A1,0,+3HjS0* = A1,(SOJ,+3HjO ; FeS+H^SO, = FeSO,+H,S. 
(ui) by roasting die sulphides in air, e.g., ZnS+20, = ZnSO^. 
th^ f5 ,f«0“Position^MSo/M&te sulphates are precipitated bv 

sulphates are white (CuSO 6H 0 fe/i/e • TrA<5n 7 W n 

are LcompMed^by'strong'La”/*"’**”** anhydrous on heating; many sulphates 
2FeS0. = Pe,0, + SO, + SO, ; Ag,SO, = 2Ag + SO. + 0,. 

(.) b, 

(U) by reducing the sulphate by healing with coke: 

Na,S0,+4C = Na,S+4C0 ; BaS0,+4C = BaS+4CO. 

alkal^CTmelitfs^rUiyloH^^^^ 

Sulphides of alkaline eartlf me^l^. Al a^^ Or aj^^yd^t bfwater/"”’"’’'"' 
2CaS + ,2H0H - Ca(8H), (calcium hydrosulphide) + Ca(OH) 
r ■^ o . ..• , - “ 2A1(0H), + 3H,S. 

(a) Sulphides are converted to sulphates or oxides by roasting in air • 

/•••v Q , + 30, = 2ZnO + 2S0,. 

ZnS + 2HC1 = ZnCl, + H,S. 

•olutio/i, boUri ior-comptee predpiS'”’”” ’ »l>'"i«F-the 

MgCl, + 2NaHCO, = MgCOj+2NaCl+HjO+CO,. 
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Basic carbonates vre produced owin^ to partial hydrolysis, if sodium carbo* 
nate is used as precipitant, except in the case of Ca and A^. Only basic 
carbonates of copper and mercury (<tc) are kno^n. 

CaCl, + Na,CO, = CaCO^ + 2NaCl. 

Carbonates of iron (-fc), aluminium, an 6 L tin are not known ; their 
hydroxides are only precipitated by the ^tion of sodium carbonate 
upon the salt solutions, since their car berates are completely hydro- 
lysed by water. 2FeCl3-|-gNaaC03 + 3H20 = 2Fc(0H)3+6NaCl;^C03. 

(ii) Carbonates of alkali and alkaline earth metals are produced 
by the action of CO^^upon the oxides and hydroxides. Bicarbonates 
of these metals yield carbonate on heating. 

2Na0H+C03 =:Na3C03+H30; 2NaHC03 = Na^CO^+H^O+CO^. 


Distinctiye tests for carbonates and bicarbonates. — 



Carbonates 

Bicarbonates 

(») Action of heat 

(ti) Solubility in water 

{iii) *Dilute HCl 

{iv) HgCl, solution 

(u) * * MgSO, solution 

Decompose giving off CO,. 
[Na,C 03 & K,CO, melt 
without decomposition] 
Insoluble ; NagCO^ & 
K,CO, soluble 
Effervescence of CO, 

wadish-brown ppt. of 
basic mercuric carbonate 
White precipitate of 
^rOO, in the cold 

Decompose givinK off CO, 
2NaHCO,;^:N8,CO, 

-l-H,0-hC0, 
Soluble ; NaHCO, spar- 
ingly soluble 

Effervescence of CO, 

Na precipitate 

• 

No ppt. in the cold, 
white ppt. on boiling. 


* Na,CO, + 2H01 ==5Na01 + H.O + CO, ; 

^ NaHCO, + HCl = NaCl + H^O + CO,. 

* * 2 NaHC 03 + MgSO, = Mg(HCO,), (solublST + Na^SO,. 

Mg(HC 03 ), ^ MgCOa + H,0 + CO, (on hoilirug) 

To test for hicarhovate in presence of carbonate, the latter is first precipitated 
by adding excess of CaCl, solution and filtered — the filtrate on being made 
alkaline with ammonia gives a white precipitate if a bicarbonate is present, since 
calcium bicarbonate, Ca(HCO,),, is converted into CaCO, on. adding ammonia. 

Exercises 

1. Describe, without entering into details, the various methods for the isola- 
tion of metals from their ores. Mention at least one example Imder each head. 

Give a short account of the general properties of metals. ^ Cal. Int. 1953. 

2. Write notes on: (i) flux, gangue and slag; (xi) self -reduction process; 
(iii) roasting and calcination. 


XXVII 

THE ALKALI METALS 

History. — Natron (natural sodium carbonate) and wood ashes were used by 
the ancients as detergents, for washing clothes. Potassium carbonate was 
extracted from wood ashes by Water by the Arabs, and was called al qutAi^ whence 
w^s derived the name alkali for sodium and potassium carbonates. It was^ dis* 
covered in the Roman period that 'the natural alkalis were .rendered hiphly 
corrosive and caustic by boiling with lime, and hence ths name caustic dtkali for 
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sodium hydroxide (caustic soda) and potassium ( 

to distinguish from caustic alkalis, sodium and ci 

mild alkalis. ' 



Previous to the investigations of Davy who isolated 
potassium by the electrolysis of fused caustic soda and potash 
caustic alkalis were regarded elements, ? 

General characteristics. — fte sub-group lA of the periodic tcbie cont-ains 
the alkali metals lithium, sodium, potassium, rubidium, and cjesiuni. Tlicy 
exhibit a gradation of physical properties, with increasing atomic weight, ;is 
the taM shows : 


Element 

Atomic no. 

Atomic wt. 

At. vol. 

Density 

M.p. 

B.p. ^ 

Lithium 

3 

6*94 

12*9 

0-52 

rdo 

1336 

Sodiw 

11 

22-997 

23-7 

0-97 

97-5 

880 

Potassium 

19 

39-10 

45-5 

0-85 

62-3 

760 

Bubidium 

37 

85-48 

56-1 

1*52 

38-6 

700 

Caesium 

55 

132-91 

69-8 

1-90 

28-5 

670 


(i) The alkali metals are always found in iho combined state in nature and 
are prepared by the same general method; e.g., electrolysis of fused hydroxide 

^ or chloride. 

(ii) They are light, silver-white but rapidly tarnishing in air, soft and easily 
fusible metals, having good conductivity for heat and electricity. Their vapour 
imj^rt distinctive flamb colourations; e.g., the lithium flame is red, sodium 
golden yellow, potassium lilac, rubidium red and c®sium blue. The vapour ol 
alkali metals are monatomic. 

(iii) They dissolve in liquid ammonia, yielding deep blue solutions. 

(iv) They are the most electro-positive elements known, and lienee are highly 
reactive — the reactivity increasing with increasing electro-positivencss from 
lithkim to exsium. 

(v) They yield the typical oxides of the type Na,0, which are strongly basic 
and dissolve in water, producing hydroxides which are strong alkalis— tho basic 
character of oxides and hydroxides increase with increasing atomic weight. 

(vi) They bum in air or oxygen to their peroxides — lithium alone yielding 
a monoxide, Li^O, and sodium a mixture of monoXido, Na^O, and peroxide. 
NaaOa. 

(vii) They dissolve in cold water, yielding hydroxide and hydrogen — the 
reactivity of K, Kb and Cs is so great that the liberated hydrogen inflames. 

(viii) They combine with hydrogen on heating yielding salt-liko hydrides: 
lithium alone yields a 'nitride when heated in nitrogen. 

(ix) The alkali metals are powerful reducing agents : 

. AICI 3 + 3Na = A1 -f 3NaCl. 

(x) The alkali metals are univajlent, form colourless univalent ions, and 
yield salts which are freely solobe in water, with few exceptions — acid sodium 
pyroantimonate and sodium dihydroxy tartrate are insoluble, so are potassium 
cobaltinitrite, potassium silicoRuoride, potassium perchlorate and potassium 
hydrogen tartrate. Lithium carbonate, phosphate and fluoride are sparingly 
soluble. 

(xi) Their carbonates < and hydroxides ore stable towards heat except Li 2 C 0 , 
and LiOH. 

(xii) Their salts with weak acids, such an carbonates and sulphides, form 

alkaline solutions due to hydrolysis. The sulphates, chlorides and nitrates are 
not hydrolvsed by water. ^ ^ ^ 

(xiii) The alkali metal form stable acid salts, e.g., NaHSO,. They are the 
only metals which form solid bicarbonates, e.g., NaHCO, — ^lithium bicarbonate 
being known in solution only. 

(xiv) Their sulphides and halides have a tendency to form polysulphides 

(p. 299> and polyhalides, e.g., KI.„ (p. 270) respectively. ^ 

(xv) The chlorides of alkali metals form chloroplatinates, e.g., K-FtGl*. 
!E%eir sulphates form alums of the type B^SO^, M,(S 04 ) 3 , 24H^O, where B is oh 
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like aluminiuin, and dwhlt isalls ' o^^iM 
type a metal like magnesium. 


, Sodium Na = 22*997 

Occurrence.’—Sodium is one of^ tl^o most abuncktnt elements, but it is never 
found free in nature. Its more important natur/fflly-occurring compounds are *. 
(i) sodium c?Uoride, NaCl, in sea-water and rock-salt, (iil sodium nitrate^ 
NaNOj, in Chile sal^etre, (iii) sodium" carbonate, Na,CO,. Deposits of sodium 
sesquicarbonat( 3 , Na, 003 ,NaHC 0 ,, 2 H;, 0 , occur in lake Ma^adi in East .Africa, 
in Egypt, as trona, and also in India as native sajimati, (iv) soda hlsvar^ Na,0. 
Ala 03 , 6 Si 0 a, and (v) horaz^ NajB^O„ 10 HaO. 

Though first isolated by Davy (1807) by the electrolysis of fused caustic soda, 
sodium was fdr for many years made by heating caustic soda with carbon and iron 
at 1000 ^ G for want of cheap electricity. 

2NaOH + 2C = + 2CO + H,. 

MetalBc sodium. — ^Metallic sodium is now obtained by the elecpro^ 
lysis of either fused caustic soda or sodium chloride. 

(i) Castner proces8.-^In this process fused caustic soda is decjro- 
lysed using a steel cathode and a nickel anode. The caustic soda 
ionises into sodium and hydroxyl ions. During electrolysis sodium 
ions arc discharged at the cathode as metallic sodium, and the OH 
ions at the anode as OH groups which leadily ddcompose into water 
and oxyg-en, the latter being evolved at .the anode. 

NaOH^Na+ + OH"; Na+ + e = Na 

•H- = ®H + e ; 4®H ^ 2H^ d- O^. * 




Some of the water formed diffuses across to the cathode and attacks sodium, 
yielding hydrogen — the efficiency of the process is being lowered thereby, since 
some sodium is lost. But the principal disadvantage of the process is the 
relatively high cost of caustic soda. ^ 

An iron vessel (fig. 157) contains the caustic soda which is fused 
initially by gas burners (m. pt. of sodium hydroxide 318®), but the 
process of electrolysis once •t' 

started, the required tem- 
perature of the bajh, 327®, is 

maintained by the heating 
effect of the current. (^Thc 
steel cathode is led into the 
bath from below and held in 
position in the neck of the tna 

pot by solid caustic sod^; the 
cathode is screened by an iron 
wire gauze, suspended from an 
iron cylinder. The anode is 
a nickel cylinder .that sur-OJfeJt 
rounds the cathode and forms 
n part of the cover, beingij a ^ km** 
insulated by asbestos rings ^ 
from the iron bath, and from ^ jfp , 

the iron cylinder in which so- ic .7 

diiuu collects. During electro- ^ , 

lysis sodium is liberated at the cathode and collects i^n the iron cylinder 
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sodium hydroxide (caustio soda) and potassium hydroxide (caustic potash). Just 
to distinguish from caustic alkalis, sodium and potassium carbonates were called 
mild alkalis. 

Previous to the investigations of Davy who isolated (1807) sodium and 
potassium by the electrolysis of fused caustic soda and potash respectively, the 
caustic alkalis were regarded yas elements. 

General characteristics. — The sub-group I A of the periodic taUe contains 
the alkali metals lithium, socTtum, potassium, rubidium, and c^Sum. . They 
exhibiy,..^ gradation of physical properties, with increasing atomic ■ weight, as 
the tabm shows : 


Element 

Atomic no. 

Atomic wt. 

At. vol. 

Density- 

M.p. 

B.p. 

Lithium 

3 

6-94 

12-9 

0-52 

r8o 

1336 

Sodium 

11 

22-997 

23-7 

0-97 

97-5 

880 

Potassium 

19 

39*10 

45-5 

0*85 

62-3 

760 

Rubidium 

37 

85-48 

561 

1-52 

38-5 

700 

Cassium 

56 

132-91 

69-8 

1-90 

28*5 

670 


(i) The alkali metals are always found in the combined state in nature and 
are prepared by the same general method ; e.g,, electrolysis of fused hydroxide 
or chloride. 

(ii) They are light, silver -white but rapidly tarnishing in air, soft and easily 

fusible metals, having good conductivity for heat and electricity. Their vapour 
impart distinctive flam€ colourations ; e.g., the lithium flame is red, sodium 
golden yellow, potassium lilac, rubidium red and caesium blue. The vapour of 
alkali metals are monatomic. * 

(iii) They dissolve in liquid ammonia, yielding deep blue solutions. 

(iv) They are the most electro-positive elements known, and hence are highly 
reactive — the reactivity increasing with increasing * electro-positiveness from 
lithkim to caesium. 

(v) They yield the typical oxides of the type Na^O, which are strongly basic 
and dissolve in water, producing hydroxides which are strong alkalis — the basic 
character of oxides and hydroxides increase with increasing atomic weight. 

(vi) They bum in air or oxygen to their peroxides — lithium alone yielding 
a monoxide, Li^O, and sodium a mixture of monoxide, Na,0, and peroxide, 
Na,0,. 

(vii) They dissolve in cold water, yielding hydroxide and hvdrogen — the 
reactivity of K, Kb and Ca is so great that the liberated hydrogen inflames. 

(viii) They combine with hydrogen on heating yielding salt-like hydrides: 
lithium alone yie.lds a nitride when heated in nitrogen. 

(ix) The alkali metals are powerful reducing agents : 

. AlCl, + 3Na = A1 -f 3NaCl. 

(x) The alkali metals are univajent, form colourless univalent ions, and 
yield salts which are freely solubo in water, with few exceptions — acid sodium 
pyroantimonate and sodium dihydroxy tartrate are insoluble, so are potassium 
cobaltinitrite, potjfasium silicofluoride, potassium perchlorate and potassium 
hydrogen tartrate^ Lithium carbonate, phosphate and fluoride are sparingly 
soluble. 

(xi) Their carbonates tand hydroxides are stable towards heat except Li,CO, 
and LiOH. 

(xii) Their salts with weak acids, such as carbonates and sulphides, form 
alkaline solutions due to hydrolysis. The sulphates, chlorides and nitrates are 
not hydrolvsed by water. 

(xiii) The alkali metal form stable acid salts, e.g.. NallSO,. They are the 
only metals which form solid bicarbonates, e.g., NaHCO, — lithium bicarbonate 
being known in solution only. 

7xiv) Their sulphides and halides have a tendency to form polysulphides 
(p. 2991 and polyhalides, e.g., KI„ (p. 270) respectively.^ * 

J^v) JThe chlorides of alkali metals form chloroplatinates, e.g., K,PtC5*. 
siriphates form alums of the type RaSO^, Ma(SOj 3 , where B is an 
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alkali ixletal and M a txi valent metal like aluminium, and double salts of the 
type RaS04,MS0^,6H,0, where M is a metal like map;nesium. 


Sodium Na = 22*997 


Occurrence. — Sodium is one of the most abundant elements, but it is never 
found free in nature. Its more important naturyily-occurriiip; compounds are ; 
(i) sodium chloride, NaCl, in sea-water and rock-salt, (ii) sodium nitrate, 
NaNOg, in Chile sal^etre, (iii) sodium* carbonate, NujCO,, Deposits of sodium 
sesquicarbonatc, NaaC0g,NaHC0„2H,0, occur in lake Map^adi in East ,i#frica, 
in Egypt, as trona, and also in India as native sajimaii, (iv) soda felsjjor, NajO, 
Alg03,6Si0g, and (v) borax, Na,B,O„10H,O. 

Though first isolated by Davy (1807) by the electrolysis of fused caustic soda, 
sodium was for for many years made by heating caustic soda with carbon and iron 
at 1000® C for want of cheap electricity. 

2NaOH + 2C = + 2CO + Hg. 


Metallic sodium. — Metallic sodium is now obtained by the electro- 
lysis of either fused caustic soda or sodium chloride. 

(i) Castner process.— (^In this process fused caustic soda is elecjro- 
lysed using a steel cathode and a nickel anode. The caustic soda 
ionises into sodium and hydroxyl ions. During electrolysis sodium 
ions are discharged at the cathode as metallic sodium, and the OH 
ions at the aiioae as OH groups wliich readily decompose into water 
and oxygen, the latter being evolved at .the anode. 


NaOH^Na+ + OH”; Na+ + e = Na 
•H- = ©H + e ; • 4®H ^ 2H,© d 


O, 


Sedlam 
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Some of the water formed diffuses across to the cathode and attacks sodifim, 
yielding hydrogen — the efficiency of the process is being lowered thereby, since 
some sodium is lost. But the principal disadvantage of the process is the 
relatively high cost of caustic soda. ^ ^ J: 

An iron vessel (fig, 157) contains the caustic soda which is fused 
initially by gas burners (m. pt. of sodium hydroxide 318°), but the 
process of electrolysis once 
started, the required tem- 
perature of the ba.th, 327°, is 
maintained by the heating 
effect of the current, (jllic 
steel cathode is led into the 
bath from below and held in 
position in the neck of the 
pot by solid caustic sod:^; the 
cathode is screened by an iron 
wire gauze, suspended from an 

iron cylinder. Tlie anode is 

a nickel cylinder that sur- 0 cdfe^v>j* 5 ltcESH 
rounds the cathode and forms iJfetM 

a part of the cover, beingjfi a ja. s 
insulated by asbestos rings 
from the iron bath, and from ^ c i k, * 

the iron cylinder in which so- Cfl 

dium collects. During electro- ^ 

lysis sodium is liberated at the cathode and collects m the iron cylinder 
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in the molten state, floating on the surface of molten causdc soda — 
the hydrogen, also collecting in the same vessel, prevents the sodium 
from oxidation. Sodium is removed from time tp time by means of a 
spoon of nickel wire gauze 'which retains the sodium but allows the 
caustic soda to run. back. The oxygen liberated at the anode is a 
valuable by-product.) 

(ii) Downs process. — Sodium ^iloriae^s the cheapest source of sodium. But 

the electrolysis of fused sodium 
‘ i llr VI* chloride is ordinarily met with many 
Nft.j ditiiculties arising from its high melt- 
\ACer4 WjelecTt^o^ ing point, 805®. Above 800* the 
a V Tla. sodium chloride and the liberated 
"" occW ^. phlorine are highly corrosive, and the 
|iir&iodium is volatile (b. pt. 880®), and 
the metal forms a ^metallic fog' with 
the molten salt, which it is di&ult to 
condense. In the Downs process, 
worked out in 1924 by Downs in 
America, fused sodium chloride, con- 
k*«s sufficient calcium chloride to 

reduce the melting point of the salt 
from 800® to 650* ,at which tempera- 
ture no ‘metallic fog' formation takes 
place, is electrolysed in an iron vessel 
(iig. 158) lined inside with, firebricks. 
Chlorine is evolved at the graphite 
anode set in the centre of the cell, 
^nd is led out by a conical collecting 
hood which, is placed above the anode. 

. Q The cathode is an iron cylinder 

158 surrounding the anode — a mantle of 

two iron-gauze screens separates the 
anode from the cathode. The sodium set free at the cathode rises to the suface 
of the electrolyte and is led out by an iron pipe, fitted at the top of the mantle, 
into a closed receiver. NaCl ^ Na+ +Cr. 

At cathode Na ++ e = Na; At anode Cl" = Cl + e. 
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Properties. — (i) Sodium is a light (lighter than water), soft (and 
hence may be squeezed through an orifice in the form of sodium wire), 
rilver-white metal with a good conductivity for heat and electricity. 

(ii) Stable in dry air, it readUy tarnishes in moist air due to the 
formation of a film of oxide, which gradually turns into a mixture of 
hydroxide and carbonate, and hence the metal is kept under kerosene 

Oil. 


(iii) It burns in air with a bright yellow fUtrne, yielding a mixture 
of monoxide and peroxide: 4Na-f Oj^ = 2Na20 ; 2Na-H02 = Naj^Og. 

(iv) It burns in chlorine on heating, yielding sodium chloride — 
perfealy dry chlorine does not attack the metal. 

(v) It decoiriposes cold water, yielding hydrogen and caustic soda: 

2Na + 2HOH = 2NaOH+H2. 

(vi) It reacts with dry ammonia to 400®, yielding sodamide, 

NaNH,, wUch is decomjwsed by water, liberating ammonia: 

^iiSMa+ 2 NH 3 = 2 NaNIf*+H 3 ; NaNH^+H^O NaOH+NH,.< 
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(vii) It reacts with hydrogen at yielding sodium 

which is decompc^d by water, setting free hydrogen : 

2Na+H, = 2NaH; NaH+HOH .^ H,+NaOH. . 

(viii) Ignited sodium decomposes carbon dioxide, depositing carbon t 
3CO, + 4Na = 2Na,CO, +^0. 

(ix) It is a powerful reducing agent ; 3Na ^ AlCl, = A1 + 3NaCL 

(ix) It dissolves in mercury, yielding a Itiquid amalgam. It dissolves m 
liquid ammonia giving a deep blue solution. Sodium amalgam is prep^d W 
pressing small pieces of sodium into mercury in a mortar with a pestle. 

Uses of sodium.— (i) In the maim facture . of „50(hum. peroxide,, sodamide, and 
sodium cyanide; (ii) As a reducing agent in ^nSetic. organic j^emlafty^ 
example m' the manufacture of artificial in dig o. Indium amalgam is also used 
as a reducing agent. ~ 

Compounds "ht Sodium 

Sodium monoxide, Na^O, is obtained by burning sodium atJL^^ in a limited 
supply of air or oxygen and distilling off the excess of sodium in vacuo, or by 
heating sodium peroxide, nitrate or nitrite with sodium : 

Na^O, + 2Na = 2Na,b ; 2 NaN 03 + lONa = 6Na,0 + N,. 

A white amorphous mass, it decomposes at 400” into sodium peroxide and 
sodium, and dissolves violently in water, yielding caustic soda : 

Na^O + H,0 =» 2NaOH. 

Sodinm peroxide, Na^O^, is formed by heating the me^al in 
excess of air or oxygen. It is made by heating thin slices of sodium 
in aluminium trays in a current of purified air, (free^ from moisture 
and COj) ai 300® in an iron tunnel— the temperature is controlled* by 
moving the trays in opposite direction to the air current. External 
heating is required only to start the reaction : 

2Na + 02 = Na202+ 119,800 calories. 

Properties. — (i) Sodium peroxide is a yellow solid, becoming white 
in air from the formation of a film of sodium hydroxide and carljonaie. 

(ii) It dissolves in ice-cold water with hydrolysis, yielding hydrogen 

peroxide, which decomposes into water and oxygen on warming ; it 
gives oxygen and caustic soda with water at room temperature: 
NaA + 2H,0^2Na6H+HA; ^ 4NaOH+0,. 

A crystalline hydrate, NaaOj„8HaO, nihy be separated from ice-water. 

(iii) It dissolves in ice-cold dilute mineral acids, yielding hydrogen 
peroxide : Na^Oj + HgSO^ = Na^SO^ + H^O^. 

Iv) It reacts with carbon dioxide, giving sodium • carbonate and 
oJe^en, and hence its use for purifying air in a closed space : 

2 NaA+ 2 C 03 = 2NRfiO, + 0^. 

(v) It is a powerful oxidising agent ; thus it violently attacks 
charcoal at 300® — 400®, depositing metallic sodium: 

8 Naa 03 + 2 C = 2 NajjC 03 + 2Na. 

A mixture of sodium peroxide and moist sawdust readily infiamee.* In the 
fused state it attacks most metals, including silver and platinum--nmkel is lest 
readily attacked, and hence th^ use of nickel crvcibles in sodium pefoxids /uston. 
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. (i) In tho manufacture of hydrogen peroxide; (ii) for bleaching (after 

addification) delicate fabrics^ such as silk, wool, etc. ; (iii) for preparing oxygen ; 
(ivy for oxygenating the air in submarines; (v) as an oxidising agent in Ihe 
laboratory. A little copper oxide is mixed with sodium peroxide and sold under 
the ^ame^ *oxone’ for preparing oxygen. 

hydroxide, caustic soda, NaOH, is manufactured cither 
by the electrolysis of soAium^ chloride or by causticising sodium car- 
bonate with lime. 

l^l^trolysis of sodium chloride solution yields caustic soda, hydrogen and 
chlorine (p. 123). Sodium hydroxide and hydrogen formed at the cathode most 
be kept separated from chlorine produced at the anode, in order to prevent 
the formation of hypochlorite and of explosive mixture of hydrogen and 
chlorine. The separation is effected either by usiny a merevry cathode or a 
pOTQU9 dia^pkragm. 



The mercury cathode cell. — In the Kellner-Solvay cell (fig. 159) 
(modified Castner-Kellner cell) a stream of brine (aqueous solution of 
sodium chlorido) is electrolysed between graphite anodes and a mer- 
cufy cathode, which flows slowly in thin layer across the floor of the 
cell (a rectangular cement trough) — brine flows in the same direction 
as the mercury. Chloride ions Cl" are discharged at the anode to form 
chlorine which is drawn away through earthenware pipes to be liquefied 
or used in making HCl, bleaching powder and sodium hypochlorite etc. 
Na+ions are discharged at the cathode in preference to H"** ions, 
yielding sodium, which dissolves in mercury to form a dilute liquid 
sodiun^ amalgam. 

The sodium amalgam flows into a lower tank, where it is decom- 
posed by water, yielding caustic soda and hydrogen, in contact with 
metallic iron — the amalgam and iron forming a short-circuited cell : 

"Na-amalgam | NaOH solution | Fe + 

Sodium from the amalgam passes into solution as sodium ions : 
Na = Na+ + e,^ and the electrons pass through the mercury to the 
iron; the hydrogen ions from water (HgO H+ -i- OIT) are dis- 

charged by the electrons on the iron surface, which evolve as gas; 

H+ + e = H; 2H = H^. 

Tire overall reactions are: 

In the primary cell, 2NaCl -f 2xHg ^NaHgx + CIj. 

In the secondary cell, 2NaHgx + 2H,0 = 2NaOH + H, + 2xHg. 

The solution, therefore, contains Na+ and OH" ions, i.e., sodium 
hydroxide.; When tlie solution contains 40% caustic soda, it is eva- 
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porated, fused« and run into iron drums to solidify or casjt into sticks. 
The mercury freed from sodium is sent back into the electrolytic celt 

The spent brine is saturated with more salt, and then returned to 
the cell. 


The process yields a pure concentrated soluticn of caustic soda. But it is 
more expensive than other electrolytic processes, because of high cost of mercury, 
and of the comparatively high voltage required the cell. 


The diaphragm cells. — Typical of this class is the Nelson cel Which 
is extensively employed. It consists of a U-shaped vessel (iig. 160) 
made of asbestos and contains the gra- 
phite anode. The cathode is made of 
perforated sheet steel covering the outer 
surface of the asbestos walls, which con- 
stitute the diaphragm. The cell is placed 
in an outer case, which is kept full of 
steam — the steam heats the liquor, 
reduces its resistance, and also keeps 
the pores of the diaphragm clear. The 
cell is fed with purified brine, which is 
kept at a constant level by an automatic 
device— -the brine must be freed from 
salts of iron and other metals which 
would give insoluble hydroxides with 
caustic sida, and so clog the diaphragm. 

The brine percolates by gravity through 
the asbestos, where it undergoes electro- 
lysis, "nic Cl' ions are discharged at the anode and the chlorine 
“■ 3re discharged at the cathode, while Na + 

and Off ions, t.e., sodium hydroxide, accumulaje in the water which 
mnuscs through the porous diaphragm from the anode compartment. 

10-12%, the Uquor containing 
14 l 0 /{, Nad, which is separated as solid by concentration in 
vacuum evaporators, and the concentrated caustic liquor finally eva- 
porated and fused, . ^ 



Fig 160 


I T?® installation cost and the voltage requirement of the diaphragm cell are 
less than the mercury-cathode process. But it yields a less concentrated alkali, 
containing a good deal of common salt. 

Causticising of sojUum carbonate.— Gossage’s mehhod: When calcium hydro- 
xide IS added to* sodium carbonate solution, calcium carbonate is precipitated 
leaving sodium hydroxide in solution : ^ f , 

NajCO, + Ca(0H,) 2NaOH + CaCO,. 

• , reaction is incomplete in concentrated solutions, since calcium hydroxide 
IS but sparingly soluble in a strong solution of caustic soda : a dilute solution of 
sodium carbonate is, therefore, causticised. On a large scale, a 10% solution of 
soda ash is taken in an iron tank — lumps of lime are suspended in the solution 
in an iron cage. The solution is stirred by mechanical agitators, and heated by 
open steam. The reaction complete in about an hour’s time, the sludge of chalk 
and excess lime is allowed to settle, and the clear caustic liquor is run off. The 
liquor is edneentrated in vacuum evaporators, where the unchanged spdium 
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carbonate separates and is removed. The concentrated sodiom hydroxide eolu^ 
tion IS evaporated to dryness^ fused and run into drums to solidify. 

A large amount of caustic sods is still obtained by this process, since its 
production by electrolytic method is limited by the demand for chlorine. 

Furifiration of sodium hydro^e. — Sodium hydroxide obtained by the above 
methods is liable to ^ contain podium chloride, carbonate, and sulphate^in small 
amounts. This is purified by treatment with alcohol which dissolves the hydroxide, 
but not the salts, and then evaporating the solution in a silver dish. Pure caustic 
soda free from sodium carbonate is best obtained by dissolving sodium in water. 

* 

Froperties* — (i) Sodium hydroxide is a white, crystalline, deli- 
quesc^t, highly corrosive solid (m. p. 318®), which readily absorbs 
COjj from me air, forming sodium carbonate. A powerful cautery, 
it attacks the proteins of the skin. 

(ii) Stable towards heat, it is reduced in the fused state to .metah 
when heated with carbon: 2NaOH+2C = 2Na+2CO+H3. 

^ The presence of hydrogen in caustic soda (or potash) may be shown by 
fusing the latter with iron filings in a test tube — ^the evolved hydrogen being 
ignited at a jet fixed to the tube. The iron is oxidised and sodium also distils 
on : 2NaOH + 2Fe = 2FeO -f 2Na + H,. 

(ili) A strong base, it readily dissolves in water (42 gms. in 
100 gms. of water £t 0®) giving a strongly alkaline solution with a 
soapy touch. The aqueous solution prccijpitates the hydroxides or 
oxides of heavy metals, from solutions oi their salts, and" liberate 
ammonia from ammonium salts: FeClg + SNaOH = Fe(OH)3+3NaCl ; 
NH,Cl + NaOH = NaCl+NH3+H20. 

The hydroxides of Zn, Al, Sn, and Pb are soluble in excess of 
caustic soda: Zn(OH)2 + 2NaOH = NaaZnOa (sodium zincate) +2H3O. 

(iv) It dissolves acidic and amphoteric oxides, yielding salts: 
C03+2Na0H = Na3C03 + H30 ; AX03-f-2Na0H = 2NaAr02-|.H30. 

Materials containing silica, such as glass, are rapidly attacked by fused caustic 
soda, and slowly by aqueous alkali, silica being dissolved as sodium silicate : 

SiO, + 2NaOH =^a,Si 03 + H,0. 

(v) Aqueous sodium hydroxide dissolves B, Si, Zn, Al and Sn, 
yielding salt and hydrogen ; several non-metals, such as P, S, Cl, etc., 
yield a hydride (or a sal.t of the hydride) instead of hydrogen. 

4P+3Na0H+3H20 = PHa-hSNaHgPOg (sodium hypophosphite). 

2Al-f2NaOH-f^2H20 ~ 2H3+2NaA103 (sodium aluminate). 

Nearly all metals are attacked by fused caustic alkali; Fe^ Ni, Ag, Au and 
Pt are the most resistant to attack. 

Uses of sodium hydroxide. — It is used : (i) in the manufacture of sodium, 
soap and sodium formate; (ii) in the purification of bauxite; (iii) in the manu- 
facture of paper, artificial silk and dyes ; (iv) in the refining of petroleum ; (v) in 
making alkaline bleach; (vi) as a cleansing agent* for machines, metal sheets, 
etc., since it emulsifies oil and grease; is is too cai/stic for use. in washing. 

Sodium carbonate, Na^COg. — It occurs in and around certain 
lakes, notably at Magadi in British East Africa, and in Lower Egypt. 
TTie Magadi deposit, containing some 200 million tons of native soda, 
forms an important source of soda supply. , 
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Sodium carbonate was formerly obtained from the ash of plants' growing on 
S€a>shore. But the method was superseded early in the nineteenth century by the 
Leblanc process, discovered by 
Nicholas Leblanc in 1787^ as 
a result of an offer of prize 
by the French Academy of 
science for the preparation of 
alkali from common salt. 

The Leblanc process. — 

The main features of the 
process are : 

. (i) Production , of salt 
cake.*— ' Sodium chloride is con- 
verted to sodium sulphate by 
the action of concentrated sul- 
phuric acid, in two stages in 
a gas-tight furnace (fig. 161) 
containing an iron pan jF and 
a hearth 11 (a fire-clay box, 
called muffle). The charge of equal quantities of salt and acid is first heated in 
the pan, yielding sodium bisulphate and hydrochloric acid. The pasty mass from 
the pan is then raked out and strongly heated in the hearth, yielding sodium 
sulphate, called salt-cake. 

NaCl + H,SO^ = NaHSO^ +HC1 {in the pan). 

NaCl -f NaHSO, = Na,SO, -f HCl (in the heurth). 

The HCl gas is ab- 
sorbed by water trickling 
oyer coke in a tower, 
giving commercial hydro- 
chloric !icid. 


(ii) Canversion of 
salt-cake into black ash. 

— The salt cake is ground, 
and mixed with its own 
weight of limestone and 
half its weight of coal, 
and strongly heated to 
600® — 1000° in a rotating 
furnace (fig. 162). The 
salt cake is reduced by 
coke to sulphide, which 
reacts, with calcium car- 
bonate, yielding sodium 
rarbonato and calcium 
sulphide : 

Na,SO^ -H 4C Na,S + 4CO ; Na,S -f- OaCO., = Na,CO,,-f CaS. 

The product is .called hlajck ash and contains 45% sodium carbonate. 

(iii) Lixiviadon of black ash. The black ash is lixiviated with water in a 

series of tanks on a counter-current principle. The extract contains sodium 
carbonate and also some caustic soda. Hence it is either, (a) converted to caustic 
soda by causticising with lime, or (b) freed from caustic soda by treatment 
with GOj, and then crystallised out as soda <^stals or washing soda, NagCO,, 
10H,O; the soda crystals on calcination gives anhydrous sodium carbonate, 
•oda ash. 

The alkali wasti^ left after extracting soda, contains calcium sulphide, and 
nay be used for sulphur recovery. 

The Leblanc process as a whole is obsolete; only the first step is worked 
to provide salt-cake for glass making. 

26 




Fig. 161 
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The Ammonia-soda process, or Solvay process. About the middle 
of the lunetcenth century the Solvay process gradually became a 
serious rival of the Leblanc process, which it ultimately displaced. 
Nearly all the sodium carbonate is now manufactured by the Solvay 
process. 

The principle of the progess is that, when an excess of carbon 
dioxide is bubbled through nearly saturated solution of common salt 
(brir<^} containing ammonia, ammonium bicarbonate is formed ; this 
then reacts with the sodium chloride yielding sparingly soluble 
sodium bicarbonate and ammonium chloride. The sodium bicarbonate 
is separated by filtration and calcined to give sodium carbonate and 
carbon dioxide. NH 3 + CO^ -h ^ NH^HCO^ ; 

NH,HC 03 + NaCl NaHC 03 + NH^Cl. 

2 NaHC 03 = Na 3 C 03 + H^O + CO^. 

About two-thirds of the common salt is converted into sodium bicarbonate, 
as the reaction is reversible. 

The ammonium chloride in the filtrate is boiled with lime in a still to 
regenerate ammonia, which is used again, to saturate fresh brine. 

2NILC1 + Ca(OH), = 2NH3 4- 2H,0 + CaCl,. 

The lime is obtained by heating limestone with coke in a kiln. CaCO, = CaO 
+ COj. The COj produced, together with that obtained by calcining sodium 
bicarbonate, is used for carbonating ammoniacal brine. 

The process depends upon the supply of the raw materials brine, limestone 
and coal. The process is carried out as -follows : 

0) Preparation of ammoniacal brine. 

^ brine trickles down a tower 

(fig. 163) fitted with a number of parti- 
tions, in which ammonia enters at jthc 
bottom. 

The brine forms a layer on the floor 
of each compartment and flows down 
vertical pipes from one compartment 
to the next below ; ammonia is made 
to pass up the centre of the tower, and 
stream through the brine on each floor 
by means of a series of hoods. The 
brine gets saturated with ammonia, and 
at the same time salts of Ca, Mg and 
Fe present in the brine are precipi- 
tated as carbonates by carbon dioxide 
(always contained in the ammonia from 
the still). The ammoniacal brine, pass- 
ing out at the bottom, is allowed to 
settle out in a settling tank, whence it 
is led to a cooler, and then to the car- 
bonating tower. 

(ii) Caibonation. — The carbonation is carried out in Solvay's 
tower (fig. 164) which is fitted with a number pf partidons, each 
hyaying a central hole covered by a perforated hood. The ammoniacal 
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brine is introduced at the top so as to completely fill the lower part 
of the tower, and carbon dioxide is forced under pressure at the base. 
The carbon dioxide is uniformly distributed through the solution in 
small bubbles, and a perfect absorption takes place. Heat is evolved 
in the reaction, and since the solubility of bicarbonate increases with 
rise in temperature, the tower is cooled by circulation of cold water 
through coils fitted in the lower part — the„temperature 
is kept at 30^-40®, but is reduced to about 15® towards 
the end. The sodium bicarbonate precipitates and 
passes out with solution at the base. 

(iii) Filtration. — The sodium bicarbonate is 
separated by filtration by a rotary suction filter which 
is essentially a sheet of flannel stretched on a wire- 
gauze drum ; the drum is half submerged in the solu- 
tion and kept in slow rotation — ^vacuum being main- 
tained on the inside. The bicarbonate deposits on 
the flannel: It is scrapped out after washing with a 
spray of water, and then dried. 

(iv) Calcination.— Tlie bicarbonate is calcine^ in 
a closed pan fitted with an exit to remove carbon 
dioxide. .The last traces of CO^ are removed by raking 
the calcined mass through a long trough heated by 
fire below. The soda ash, thus produced, is of 99‘5 per 
cent purity. 





Electrolyse process. — Sodium carbonate is made by the electrolysis of sodium 
chloride solution in Hargreaves — ^Bird diaphragm cell (hg. 165). The cell is an 
iron box made into three compartments by asbestos partitions which act as porous 

diaphragms. The central com- 
partment it fitted with gas car- 
bon anode, while the cathodes 
are copper gauze which press 
against the outside of the dia- 
jpnragm. Purified brine is con- 
timuously {ed into the anode 
chamber near the bottom — the 
spent brine leaving at the top. 
During electrolysis Cl"* ions are 
discharged at the anode and 
the chlorine® gas is led away. 
H + ions are discharged at the 
cathode and hydrogen is led 
away-^Na+and OH* ions, i.e., 
caustic soda, accumulate in 
the water in the cathode 
chambers by diffusion, through 
the diaphragm from the anode 
compartment. Steam and car- 
bon dioxide are injected into 
the cathode compartments, where caustic soda reacts with carbon dioxide, yielding 
a solution of sodium carbonate— the liquor containing 170g. of Na^COj and 3*6g» 
NaCl per litre. The solution yields soda crystals on evaporation. 



SOPiUM CAffPQMATg 
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Fig. 165 



INTERMEDIATE CIXEMISTRY 


Hie Solvay procen imit (H- 166 ). 

1 brine tank; 2 & 3 ammonia scrubber; 4 settling tank; 5 cooler; 6 Solvay 
tower; 7 filter; 8 roaster; 9 lime klin; 10 lime slaker; 11 ammonia still. 

AdnuilaRe of the Solmy ivocess. — The Solvay process has completely dis> 
placed the old Leblanc process, since 

it delivers soda of much higher purity; 
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(it) the process is less expensive, since brine is directly used, and no sulphurio 
acid is required ; 

(tit) the operation is continuous, and cleaner, since no noxious HCl is evolved,' 
as in the Leblanc process; 

{iv) the consumption of fuel is less, since there are no solutions to be 
evai>orated as in Leblanc process; 

(r) the efficiency of the process is higher—^e ammonia and carbon dioxide 
are recovered and used again. 

The disadvantages of the process are (i) the whole of chlorine of the common 
salt is lost as calcium chloride, for which there is no adequate market yet; 
(ii) the high cost of ammonia for replacing the losses. 

Recently the Solva^ process has been greatly improved by Hou and coupled 
with synthetic ammonia process. In this case there is no need for ammonia 
recovery. The bicarbonate mother liquor is agitated with dry common salt when 
ammonium chloride precipitates and is filtered — the filtrate which now contains 
NaCl, is made into ammoniacal brine and carbonated as usual. 

In this process the conversion of salt into soda is 96% or higher, and the 
chlorine of the sodium chloride is completely utilised as ammonium chloride ^ 
which forms an excellent fertiliser. The process offers a method of fixing 
ammonia as ammonium chloride. 

The production of soda by the electrolytic process is*limited by the demand 
for chlorine, which is at present very much less than that for the alkali. The 
by-product* chlorine is mainly used for obtaining bleach, and hydrochloric acid. 
V\Uth new avenues for the utilisation of chlorine, the electrolytic process has a 
}n’oniise in future. The Solvay process is yet the most important one for soda 
manufacture. • 

• 

Soda ash and caustic soda are the two key chemicals indispensable for the 
industrial planning of a country. The Mettur Chemical Works, MadrosJ and the 
Tata Chemicals Ltd. at Mithapur near Okha are of late producing the much needed 
alkalis. The Imperial Chemical Industries Ltd. manufacture caustic soda at 
Rlshra near (Calcutta, using diaphragm cell. Besides, many paper mills 4 >roduce 
caustic soda and chlorine for their internal consumption; e.g., Rhotas Industries 
at Dchri-on-Sone use Kellner-Solvay cell; Titaghur Paper Mills in Bengal employ 
Xehon cell. 

Properties of sodium carbonate* — (i) Anhydrous sodium carbonate, 
called soda ash, is a white powder, which melts without dccomposi- 
tion at 852°, and absorbs moisture from air, forming. the monohvdrate, 

up. ^ 

(ii) It dissolves in water giving an alkaline solution owing to 
hydrolysis: Na^CO^ + H^O ^NaOH + NaHCO,. ^ 

The aqueous solution on evaporation yields crystals of washipgsoda, NagCO^, 
10H,O, which effloresrcuip air, giving crystal-carbonate, Na-X-O,, H^O. 

(iii) The aqueous solution absorbs CO^, yielding sparingly soluble 
sodium bicarbonate, which is filtered, washed, dried and calcined at 
250° — 300° to give pure sodium carbonate. 

Na,C 03 + HP + CO, ^ 2 NaHC 03 . 

Concentrated 9oda crystal, used in wool washing, is the sesquicarbonate, 
XaX 03 , NaHC 03 , 2 H 3 O (native trona). Sodium bicarbonate is used in medicine 
to reduce stomachic addity and in baking powder. 

(iv) It dissolves in dilute mineral acids with an effervescensc of 
carbon dioxide: Na,C 03 + 2HCl = 2NaCl-f HjO+CO,. 
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(v) It is caustidsed by lime to give caustic soda. 

On being heated with ferric oxide, it yields sodium ferrite, which on treat- 
ment with not water gives caustic soda. This is the principle of now>obsolete 
JJowing process ; 

Na,CO, + Fe,0, a 2NaPeO, + 00,; 2NaFeO, + H,0 = 2NaOH + Fe.Oa. 

Uses of 80^010 carbonate. — It is used : (i) in the manufacture of glass, 
soap and caustic soda ; («) for washing textile fabrics ; {Hi) in the softening of 
water r (*v) for the preparation of other sodium salts; and (v) as a reagent in 
the laboratory. 

Sodium chloride or common salt, NaCl, occurs abundantly in 
nature as rock salt or else in solution as brine, containing about 25% 
sodium chloride. Sea water contains about 2*5% common salt. The 
common salt of commerce is obtained from natural brine or from 
that prepared artificially by pumping water into deposits of rock 
salt, by evaporation in shallow iron pans or in vacuum evaporators. 
It is obtain^ in tropical countries by evaporating sea water by the 
heat of the sun — the mother liquor, called bittern, is an important 
source for bromine and magnesium from sea-water. 

There are many rich salt deposits in India, o.g., Khewra salt mines in the 
Punjab, and Sambar sifit lakes in Rajputana. 

The crude salt contains calcium and magnesium chlorides which. render it 
hygroscopic. Pure sodium chloride Is made by passing hydrochloric acid gas 
into a saturated solution of the impure salt, when pure salt is precipitated ; this 
Lfl filtered, washed ^wiih concentrated hydrochloric acid, dried, and then igniterl 
in a^ platinum dish^ to remove moisture and hydrogen chloride. 

Pure sodium chloride is a transparent, non-hygroscopiCy crystalline solid 
which melts at 801®, and readily dissolves in water— ^*7 gms. in 100 gms. of 
water at 0®. 

It is the principal source for the manufacture of sodium, and chlorine and 
their cowt^undSy such as HCl, NaCl, NaOH, Na^COa, NaOCl, NaClO,, NajSO^, 
etc. It is also used for salt-glazing’ of earth ware, and in salting out soap, 
and in regenerating water-softeners. 

Sodium Nitrate, Chile salt petre, NaNO,, occurs in the caliche 
deposits in Chile. The crude caliche, containing up to 65% of 
sodium nitrate, and about 02% sodium iodate, is purified by 
lixiviation with hbt water and crystallisation, yielding a product of 
95% purity — the mother liquor,, containing sodium iodate, is an 
important source of iodine. 

It is a whiter, crystalline, deliquescent solid, very soluble in water. 
It melts at 316“ and decomposes at higher temperature, yielding 
oxygen: 2 NaN 03 = 2NaNOjj-j-Oa. 

It is used as a fertiliser, and in the preparation of sodium nitrite, potassium 
nitrate and nitric acid. 

Sodium sulphate, Na^SO^* is prepared in the first step of the 
Leblanc process by heating common salt with sulphuric acid. The 
salt-cake formed (p. 401) is dissolved in water — ^below 32“ the 
dccahydrate, NagSO^, lOH^O, called Glauber’s salt, crystallises out 
from the aqueous solution ; above 82“ the anhydrous salt separates and 
becomes less soluble with the rise of temperature. The dccahydrate 
effloresces in air, yielding the anhydrous salt. 
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Sodium sulphate is made by Hargreaves process by passing SO, from pyriiea 
burner, air and water vapour over heated common salt. 

4NaCl + 2SO, + 2H,0 + 0, = 2Na,S0, + 4HC1. 

Synthetic salt cake for use in Kraft paper is made by melting sulphur with 
soda ash. 2Na,C0, + 2S + 30, = 2Na,s6^ + 2C0,. 

Glauber's salt is used in medicine as a purgative; the anhydrous salt is 
used in gloss-making. Salt-cake is used in makiifg Kraft paper. ^ 

Sodium sulphide, Na,S. is prepared by reducing sodium sulphate witli 
coke at 1000* ; Na-SO^ 4 - 40 = Na,S + 4CO. It is used in textile industries, 
in making dyes, and in the extraction of silver. 

Detection of sodium.*"* (i) Sodium compounds give a golden yellow flame, and 
hence may be detected by flame teat, 

(ii) Zinc uranyl acetate gives a yellow precipitate of sodium zinc uranyl acetate 
in neutral solution. Magnesium uranyl acetate also gives a similar precipitate, 

Potasrium K = 39.10 

Occurrence. — Potassium is too chemically reactive to be found in the free 
state. Its compounds are widely distributed in nature, though less abundantly 
than sodium ; thus it is found in plants, in sea-water, in the soil, and in 
rocks. The sources of potassium compounds are : (i) The salt deposits in 
Stassfurt in Germany, where occurs an extensive potash bed, lying at a depth 
of about 1000 ft., and containing three layers of potaasium salt : carnallite, 
KCl, MgCl„ 6H,0 ; polyhalite. K, SO,, MgSO„ 2CaSO„ 2H?), and kainite, KCl, 
MgSO^, SHgO. Nearly all potassium of commerce is obtained from carnallite. 
(ii)Brincs from the Dead Sea and from certain drying lakes near Tunis and in 
California, are commercially exploited to obtain potassium chloride, (iii) Pot-ash. 
The ashes of plants are rich in potassium carbonate and were formerly extracted 
by lixivation, and used under the name pot-aah. The ashes of *sea weeds, waste 
wood, fermented beet sugar molasses residues, and raw wool washings, and tne 
fined list ill blast furnaces and cement kilns, were used as subsidiary sources of 
potassium compound during the European War of 1914 — 18, when carnallite was 
not available to the Allies. Potassium carbonate is extracted from the ash of 
sunflower stalks in Russia. Grape juice deposits potassium hydrogen tartrate 
as cream of tartar, (iv) Potash felspar, or orthoclase. K^O. Al^O,, 

(v) Saltoetre or nitre, KNJD,. It occurs in the soils of the rainless districts of 
Upper India. 

Preparation. — Potassium was formerly made by heating potassium car- 
bonate with charcoal at a white heat : K 3 CO, -f 2C ~ 2K -f 3CO, and rapidly 
cooling tlie potassium vapour — explosive polassinm carbonyl K,(CO), is liable 
to be formed, if the cooling is slow. 

It is now obtained by the electrolysis of fused potassium chloride (Downs 
cell) or caustic potfish (Castner process). ^ 

Potassium very closely resembles sodium in properties though it is distinctly 
more reactive. Thus potassium violently attacks water with Ihe liberation of 
hydrogen which invariably catches fire and burns with a violet name. ^Potassium 
is feebly radioactive. • 

Potassium is used in making potassium cyanide. ]^otassium amalgam is a 
reducing agent. The liquid alloy of sodium and potassium is used in high 
temperature thermometers. 

Compounds of potassium 

Potassium monoxide, K.O, prepared by heating potavssium wdth potassium 
nitrate : 2 KN 03 -f lOK = 6 KaO-HNj,. It dissolves in water, yielding potassium 

hydroxide. 

Potassium dioxide, KO,, is obtained as a yellow powder by burning potaji- 
fiium in air or oxygen. It reacts with cold water, giving which rapidly 

decomposes into water and oxygen : 

2KO, + 2H.0 = 2KOH -f 0, + 
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Potawom hydroxide, caustic potash, KOH, is made by the elec- 
trolysis of potassium chloride solution. Its m.p. is 360*4®, It resembles 
sodium hydroxide in properties, but is a stronger base, and more 
soluble in water — 91 gms. in 100 gms. of water at 0®. 

Potassium hydroxide is leas frequently used as a reagent, since the cheaper 
caustic soda often serves the purpose. But in the absorption of carbon dioxide, 
caustic potash is preferred to caustic soda, since the KHCO, formed after 
su0icit.tt absorption is soluble, wliile NaHCOj, is insoluble and may, therefore, 
choke the lubes. Caustic potash is used in making soft soap. 

Potassium carbonate, pearl ash,K 2 C 03 , was formerly made, tinder 
the name pot-«sh, by extracting wood ashes with water, evaporating 
the solution to dryness, and then calcinating the residue in po.ts. 

It is now made from potassium chloride by Precht’s process by 
passing CO2 into a concentrated solution of the chloride, containing 
hydrated magnesium carbonate in suspension at 20® C when an insoluble 
potassium hydrogen magnesium carbonate is precipitated. 

2KCl + 3(MgC03,3Hp) + C02 = 2{MgC03,KHC03,4H20) + MgCl,. 

The precipitate is separated by filtration, and then decomposed 
cither by heating with water under pressure at 140® or by the action 
of magnesium oxide lielow 20®. 

2 (MgC 03 ,KHC 03 , 4 H 30 ) = 2 MgC 03 + K3CO3 + 9 H ,0 + CO^. 

2(MgC03. KHCO3, 4H2O) 4. MgO = 3(MgC03,3H30) +K2CO3. 

The precipitated magnesium carbonate is filtered off for use in 
the process again, and the filtrate is crystallised for potassium 
carbonate. 

Potassium carbonate may be made by Leblanc process ; but the Solvay 
process cannot be employed, since potassium bicarbonate is soluble in water. 

Potassium carbonate is a white, deliquescent solid, m.p. 900 C , 
a mixture of, potassium and sodium carbonates (fusion mixture) melts 
at 712®. Potassium carlwnate resembles sodium carlwnate in pro- 
perties, but is more alkaline and more soluble than sodium carbonate. 

Potassium bicarbonate is made by absorbing COg in moist 
slum carbonate, and then drying the produc.t in a porous plate, llic 
bicarbonate yields pute potassium' carbonate on gentle heating. 

K.CO, + H3O + CO2 ^ 2KHCO3. 

Potassium carbonate is usc(} in the manufacture of glass soft soap, potassium 
bromide and iodide, etc. Fusion mixture is used in the laboratory. 


Potassium chloride, KCl, occurs in the Strassfurt depps'.ts as 
svlvine, KCl, and as carnallite, KCl,MgCljj,6H30. Potassium 
chloride is made by dissolving the carnallite in hot water, and then 
cooling the solution ; potassium chloride crystallises^ out, whereas tne 
more soluble magnesium chloride remains in solutmn. The mother 
liquor is used tp treat a fresh supply of carnallite. The mother liquor 
from carnallite is a source for bromine (p. 269). 

KCl is also prepared from fused carnallite— nearly pure KCl separates from 
the melt, leaving fused MgCl, behind : 

KCl,MgCl„6H,0 « KOI + MgC!„6H,0; 
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Potas»jium chloride is a colourless crystalline solid^ soluble in water, m.p. 790*. 

It is used as a fertiliser, and in the manufacture of potassium and other 
potassium compounds, such as caustic i)ota 8 h, potassium carbonate, potassium 
chlorate, and potassium dichroinate. 

Potasriom nitrate^ KNO3, also known as nitre or salt petre, 
occurs in the soils of tropical countries like^India and Ceylon, 

It is formed by the bacterial oxidation of decayed nitrogenous organic ratter 
in contact with alkali in the soil. It may be extracted from soils enriched with 
animal excrements. The proce^ was formely carried out artificially in 'mtre 
plcmtations* in India. Heaps of manure together with lime and wood ashes were 
interlaid with brush wood for aeration, and left exposed to the air for long 
period, and occasionally watered with crude sewage. Tlie decay of organic 
matter produces ammonia, which is converted by bacterial oxidation to nitric 
acid, and finally to nitraU in the soil. On extracting the soil with water and 
evaporating the solution crude nitre separates, which is purified by crystallisation. 

Potassium nitrate is now manufactured from potassium chloride by double 
decomposition with sodium nitrate. 

KCl + NaNO, = NaCl + KNO,. 

A saturated solution of sodium nitrate is mixed with an equivalent amount 
of potassium chloride and concentrated by boiling to a density of 1*5, when 
sodium cJiloride, being less .soluble in the hot solution that any of the other 
salts, separates out, and is filtered off. On cooling the filttaie, potassium nitrate 
crystallises out. ^ • i_i 

Potassium nitrate is a colourless crystalline solid which resembles 
sodium nitrate, bu.t is less soluble and is not deliquescent. It melts 
at 3B6° but decomposes at a bright red heat, yielding oxygen: 
2KNO3 =- ^KNOa + Oj. Fused potassium nitrate is a powerful oxidis- 
ing agent. 

It is used as a fertiliser; for pickling meat; as a constituent of fireworks and 
gunpowder, for which the hygroscopic nature of sodium nitrate makes it 
unsuitable. 

Gunpowder is a mixture of about 75% nitre, 10% sulphur and 15% wwd 
charcoal; the ingredients arc finely ground and intimately mixed while wighwy 
moist — the paste is pressed between rollers and finally dried. - Jt is e.^loded by 
shock or lieat at 300*; the products of explosion are gaseous CO„ CO and N^, 
and solid K^S, K,SO, and K,C0, which produce tho .smoke. Gunpowder is a 
safe explosive but is only one-fifth as powerful as dynamite, 

4 KNO 3 + 5 C = 2K,CO,.f2N,+3CO,; 2KNO,+3C = K^CCH+CO^+CO+N,. 

2 KNO 3 +S+ 3 C = K^S+N.-f 3CO, ; BKNO^+S+O == K,SO,-fN,-fCO*. 

Potassiiun sulphate, KjSO^, occurs in Strassfurc potash beds as 
schonitc, K,SO„MgSO,.6H,0, and kaiiiite, Ka,Mg90,3H,0 from 
which it is obtained by solution and crystallisadon. It jnay be made 
by neutralising potassium hydroxide or carbonate with dilute HjSO, 
and concentrating the solution, when anhydrous potassium sulphate 
crystallises out, m.p. 1050". It is made in small amounts by heating 
potassium chloride with concentrated H^SO^. 

It is used as a fertiliser, particularly in corn and tobacco fields, 
and in the preparation of potash alum. 

Potauiiiin sulphide, K.S, may be made by heating po^sium sulphate with 
coke. Na,S and K,S may also be obtained by reducing the heated eulphates with 
hydrogen. 

Detection of 

appears reef when 


notaMliiin— (i) Potassium compounds giye ai. vioj/tt fioTM, which, 
looked through a blue glass, (ii) Sodium cobaltinitrite gives a 
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yellow j^recipitate of potassium cobaliinitrite in acetic acid solution. PotMsium 
is quantitatively precipitated from alcoholic solutions as pofcssstuni platinic chlonde, 
K,PtGl^ or as potaasium perMorate^ KCIO 4 . 

Alkali cyanides. — Sodium cynnide, NaCN, is a colourless salt with a bitter 
almond smell of HCN formed by hydrolysis of the salt by atmospheric moisture. 

NaCN + H,0 NaOH + HCN. 

'£^6 aqueous solution reacts alkaline for the same reason. 

It is made by Castner process. Ammonia is« passed over fused sodium at 
300 — in an iron retort : 2 NHjj -f 2 Na = 2NaNH, + H,. 

The fused sodamide formed is run on to red-hot charcoal, when it reacts to 
form sodium cyanamide, and then cyanide. 

2 NaNH, -f C = NNa,CN + 2Ha ; NNa^CN -f C = 2NaCN. 

Sodium cyanide is used in large quantities in electroplating and in the 
metallurgy of gold and silver. It is a reducing agent. 

Potassium cyanide, KCN, is made by passing ammonia over a mixture of 
fused potassium carbonate and carbon ; the fused potassium cyanide is decante<l 
and cast in moulds. 


K,CO, + C + 2NH, = 2KCN + 3H,0. 

Its properties and «.uses are similar to those of sodium cyanide. The alkali 
cyanides are used as reagents in the laboratory— they must be used with caution 
as they are extremely poisonous. • 


Exercites 


*1. Describe the method of extraction of metallic sodium from caustic soda. 
Mention the uses of the metal. What are its reactions with hydrogen, ammonia, 
sodium niTrate, and aluminium chloride? Calcutta *50. 


2, How is caustic soda obtained commercially? Discuss the possibility of 

alkali manufacture in India. Describe the changes that take place when (t) caustic 
soda solution and («) ammonium hydroxide solution, are separately added to 
solutions of copper sulphate, ferric chloride, alum and zinc sulphate. How would 
you show that caustic soda contains hydrogen? Patna *57. 

3. How is soda ash manufactured by the Solvay process? What is the 
advantages of the proce.ss? How is sodium carbonate converted to (a) sodium 
bicarbonate, (b) sodium hydroxide? Why is a solution of washing soda alkaline? 

Madras *46. 


4, Discuss the changes that occur when (a) sodium nitrate solution is boiled 
with caustic soda and zinc dust, (b) soda ash is added to ferric chloride solulTon. 
(c) carbon dioxide is bubbled through caustic soda solution, (d) a mixture of 
saturated solutions ^of potassium chloride and sodium nitrate is heated to boiling, 
(e) carbon dioxide is passed into ammoniacal brine, (f) sodium sulphate is heated 
with chalk and coke, (g) soda-ash is heated ^with ferric oxide, (h) sodium chloride 
is electrolysed either in tl^e fused state or in aqueous solution. 

6 . Give an account of the impdrtant industries based on common salt as the 
starting point. 

6 . Describe briefly the application of electrolysis in industrial processes, using 
common salt as a raw material. 


7. Explain how you would (i) distinguish between solutions of sodium 
carbonate and bicarbonate, (ii) delect the presence of carbonate and chloride in 
commercial caustic soda, (iii) estimate the amount of sodium hydroxide and 
sodium carbonate in commercial caustic soda. 


8 . How is potassium carbonate manufactured by the Precht's process? 
Explain why potassium carbonate cannot be prepared by Solvay 
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9. Descril^ the Ammonia-Soda process of manufacture of sodium carbonate. 
What is the difference between sodium carbonate and sodium bicarbonate? Why 
do their solutions react alkaline? What happens when they aro heated? How 
is sodium carbonate converted into caustic soda? Compare their properties. 

Udcutia *46. 

10. How is the electrolysis of brine carried out on a large scale? What 

products are formed by this method? ^ 

Describe briefly how you would prepare : (i) solid sodium hydrox.We, 
(ii) hydrochloric acid, (iii) a solution of sodium hyprochlorite from these products ? 


xxvm 

THE ALKALINE EARTH METALS 

The name earth was given by the older chemists to all substances that remained 
unchanged by fire. Lime, magnesia, strontia, and barvta were found to have 
alkaline reaction, and were called alkaline earths. The alkaline earth metals 
include magnesium, calcium, strontium and barium. Their physical properties are : 


Element Atomic no. At. wt. At. vol. Density M. pt.^C B. pt.°C 

Magnesium 12 24*32 13*97 1*74 * 651 1100 

CJalcium 20 40*08 25*9 1*66 851 1439 

Strontium • 38 87*63 34*5 2*54 800 1366 

Barium 56 137*36 36*7 3*78 710 1557 


General Characteristics. — The general chemistry of the metals of the alkaline 
earths, Mg, Ca, Sr and Ba, resembles that of the alkali metals, which immediately 
precede them in the periodic table ; but they aro somewhat less reactive. 

They are *light metals* but all are denser than water; their melting and 
boiling points are much higher than those of the alkali metals. 

They form bivalent colourless ions, and are strongly electro-positive, being 
second only to the alkali metals in this respect — the electro -positiveness, and so 
also the chemical reactivity, increases, as in the alkali metals, w’ith increasing 
atomic weight. 

The chemical relationship of the triad Ca, Sr and Ba is very close. Silver 
white metals, they quickly tarnish in air. They readily decompose cold water, 
though loss vigorously than the alkali metals, and easily react with acids. They 
yield the typical basic oxides and true peroxides of the typen^ CaO and CaO, 
respectively; their oxides lime, strontia, and baryta, arc strongly basic, and 
their hydroxides are alkaline in reaction; bill they are weaker bases than the 
alkalis themselves — their solubility and basic property increase with rise of atomic 
weight. The hydroxides are decomposed by heat. They unite# directly with 
hydrogen and with nitrogen, yielding the hydrides and nitrides respectively. 

Their salts are stable, and are not hydrolysed by water— their bicarbonates 
arc known in solution only. TTulike the salts of the alkali metals which are 
mostly freely soluble, many of the salts of the alkaline earth metals are insoluble 
in water, e,g,, fluorides, sulphates, phosphates and carbonates — ^the sMubility 
decreasing with rise of atomic weight. The nitrates and halides (except fluoride) 

^ are soluble in water. 

The carbonate are decomposed by strong heat— ease of decomposition 
decreasing with rise of atomic weight. 

Their salts impart characteristic colours to the Bunsen flame : calcium, brick- 
^ red; strontium, crimson; barium, apple-green. 

In certain respects the chemistry of magnesium is more like that of zinc 
than of calcium. Thus (i) calcium quickly tarnishes in air, while zinc and 
magnesium tarnish but slowly in air : (ii) calcium decomposes cold water, while 
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zinc and magnesium react with water only at higher temperature ; (iii) calcium, 
unites directly with hydrogen, forming the sait-like hydride CaH,, whereas 
zinc and magnesium do not form hydrides ; (iv) zinc and magnesium form the 
isomorphous salts, ZnSO^, 7HjO and MgSO^, 711.0, and the double salts of the 
tyj>e, KjSO^, ZnSO^, 6 HjO and MgSO^, 6 H 2 O. Calcium sulphate crystal- 

lises as CaSO^, 2 H 2 O and does not form any double salts like zinc and magnesium ; 
(v| The salts of zinc and magnesium arc readily hydrolysed, while the calcium 
salts arc quite stable towards* water. 

'^Calcium and magnesium, on the other hand, unite directly witli nitrogen 
to form nitrides; but this property is not shared by zinc. 


Magnesium 

Occurrence. — Magnesium is not found free in nature. Its two important 
minerals are magnesite^ MgCOj, and dolomite ^ MgCOj, CaCO.^ The Stassfurt 
salt deposits contain the commercially important minerals, kieaerite, MgSO^, HgO ; 
carnallite, KCl, MgCl,, bH^O; and kainite, MgSO^, KCl, SH^O. Magnesium 
salts are found in mineral springs, in natural brines, and in sea and river waters. 
It occurs in the minerals, oltvine, (Mg, Fe), SiO^ ; serpentine, 3 MgO, 2SiO,, 211*0 ; 
tede, 3MgO, 4SiOj, HjO ; asbestos, CaMgalSiO*)^ ; and spinel, MgO, AljO,. 
Magnesium is a constituent of chlorophyll, the green colouring matter of plants. 

Extraction. — Magnesium is prepared commercially in two ways: 
(i) The electrolytic method. — Magnesium is obtained by the electro- 
lysis of a fused mixture of anhydrous magnesium chloride and sodium 
chloride— the latter being added to lower the melting point of mag- 
nesium chloride. 

. 

Tlic electrolysis is carried out in a covered rectangular iron pot 

(fig. ]67) which acts as the cathode. 

■ — .t.. the anode is a graphite rod. 

enclosed in a porcelain tube and 
inserted in the centre of the melt 
^onpccN iTt, which is kept at 700“. During 
^ electrolysis, chlorine evolves at 
the anode and is led away through 
the porcelain tube, and magnesium 
(m. p. 651“) is liberated at the 
cathode — the liquid metal floats on 
the surface of the melt and is run 
off. Since magnesium readily com- 
hinc.s with oxygen and nitrogen, the 
air within the pot is displaced by a 
Fig. 167 current of hydrogen or coal gas. The 

voltage is about 6 volts. 

Magnesium chloride is obtained as the hexahydrate, MgCl*, SHjO, from 
rarnallite, and from mother liquors of natural brines. It is also extracted from 
sea water by the addition of milk of lime-;-the precipitated magnesium hydroxide 
is dissolved in 10% HCl— the solution bn concentration yields Mgdh, 6H,0. 
One ton of magnesium is obtained from 800 tons of sea water. 

MgCl* (in sea water) + Ca(OH )2 = Mg( 0 H )2 + CaCl,. 

The hexahydrate is dehydrated t.o MgCl*, H.O which is then rendered 
anhydrous by heating in a current of hydrogen chloride gas to prevent the 
formation of an oxy chloride. Anhydrous MgCl* is also made by heating a 
mixture of magnesium oxide (calcined magnesite) and Qoke in chlorine at 1000 ^. 

MgO 4 - C -t- Cl, = MgCl, + 00. 
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(ii).Tb€ l^UCtioii method.-^ A recent development in the production of 
magnesium is the direct reduction of magnesium oxide by coke : 

MgO 4- C Mg + CO. 

The raw materials^ magnesium oxide (produced by the calcination of magne- 
site) and coke, are bi^etted with an oil or pitch binder, and heated to a 
temperature of about 2000® in a closed electric furnace. The magnesium vapour 
and carbon monoxide, as they leave the furnace, are quickly cooled to about 200® 
by dilution with a large volume of hydrogen or mtural gas in order to prevent 
the re-oxidation of magnesium during condensation. The magnesium condenses 
in the form of a powder, which is collected and heated to about 800® in a second 
electric furnace operated under high vacuum — magnesium volatilises and is 
condensed out, remelted, and cast inj^ ingots. 

l{«duction with ferrosilicon takes place at about 1200®. and calcined dolomite 
can be employed. The operation is carried out under high vacuum. Magnesium 
volatilises and condenses in a high state of purity. 

2MgO 4- CaO + Si = 2Mg + CaSiO,. 

Prop^es of magnesioin. — (a) Magnesium is a light, white metal 
with a bright lustre which tarnishes in moist air due to the deposi- 
tion of a film of oxide. Soft, malleable, and ductile, it can be readily 
drawn into wire or ribbon. 

(ii) When heated in air or oxygen, magnesium burns with a 
blinding white flash, which is rich in actinic rays. • 

(iii) Heated magnesium absorbs nitrogen, yielding magnesium 
nitride. Combustion of magnesium in air produces a mixture of 
magnesium oxide and nitride. 

2Mg+03 = 2MgO ; * SMg + N, = Mg^N^t 

(iv) Magnesium powder decompose boiling water, liberating 
hydrogen ; the heated metal burns in steam: Mg4H20 = MgO \ 

(v) It dissolves in dilute acids, including nitric acid, liberating 
hydrogen, but not in alkalis. Mg-i- 2 HN 03 == Mg(N 03)3 4Ha. Tlic 
metal dissolves in salt solutions rendered acid by hydrolysis: 

2Fea3 4-3Mg4GH30 = 2Fe(OH)3 + 3MgCL + 3H3. 

(vi) It is a powerful rcxlucing agent ; the heated metal reduces 
such stable oxides as silica, sodium oxide and potassium oxide. 
Burning magnesium continues to burn in carbon dioxide. deiK>siting 
carbon : 2Mg 4* COj = 2MgO + C. 

(vii) Heated magnesium burns in chlorine, forming magnesium 
chloride. Mg+Cla = MgCl^. Magnesium docs not form any hydride 

Uses of magnesium. — U is used (il in flash licht powders (magnesium powder 
mixed with potassium chlorate or barium peroxide) for photography, in military 
star shells, in light signals and in fire works ; (ii) in the pi;pduction of light alloys, 
such as magnelium (A1 98: Mg 2; density 2) and electron (Mg 96: Zn 4*5; 
Cu 0*5; density 1*8) used in the construction of airships and motorcars; and 
(iii) as a reducing agent in the laboratory. 

Compounds of magnesiam 

Mbgnesiiim oxide, MgO. also called magnesia, is made by 
heating native magnesite: MgCO^ = MgO + COy 

It is a white powder with a high m.p. of 2060*. A basic oxide, 
it dissolves in acids, {producing salt and water. Ijt is very slightly 
soluble in water, importing an Mkaline reaction to the solution. 
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It is chiefly used in the manufacture of ftfractory bricks for furnace linings. 
A mixture of magnesia and asbestos is used as a ‘lagging* for steam pipes to 
retard the loss of heat by radiation. It is a component of Sorers cement. It is 
also used in medicine^ since it neutralises acidity in the stomach. 

Magpieriam hydroxide, Mg(OH )2 is thrown as a white precipitate 
by adding caustic soda solution to a solution of magnesium sulphate 
or chloride: MgSO^+2NaOH = Na 2 SO^+Mg(OH) 2 . 

The precipitate is filtered, washed, and dried at 100®, since it is 
converted to oxide by heat. It is slightly soluble in water, imparting 
it an alkaline reaction. It dissolves in ammonium chloride solution: 

Mg(OH)2 + 2NH^Cl ^ MgCl2 + 2NH^OH. 

Hence magnesium hydroxide is not precipitated from a solution 
of magnesium salt by ammonium hydroxide in presence of excess of 
ammonium chloride. 

Magnesium carbonate, MgCO^, occurs in nature as magnesite. It is obtained 
as a white precipitate by adding sodium bicarbonate to a solution of a magnesium 
salt; but only basic carbonate, called wa/jneaia alba^ is precipitated by the 
addition of sodium carbonate. 

Magnesium carbonate dissolves in water containing carbon dioxide, due to 
the formation of soluble bicarbonate, but is rcprecipitated by boiling : 

MgCO, + H,0 + CO, Mg(HC03),. 

Magnesia alba is used in medicine to neutralise the acidity of the stomach. 
It is also used in making tooth paste and powders. 

Magnesittm chloride, MgCl^, may be prepared by dissolving 
liiagnesium carbonate in dilute hydrochloric acid and concentrating 
the solution, when .the hexahydratc, MgClg, OH^O, crystallises out. 

On a commercial scale magnesium chloride is crystallised out from the mother 
liquors obtained in the preparation of potassium chloride from carnallite (p. 408). 

It is a colourless, crystalline, deliquescent solid with a bitter taste, 
and is exceedingly soluble in water. 

It is slightly hydrolysed in solution. The hydrate, MgCl,, GHjO, 
undergoes hydrolysis on being heated in air to about 200® C, evolving 
steam and hydrogen chloride and yielding magnesium oxychloride, 
Mg(OH)CI, which decomposes at 600® to magnesium oxide and 
hydrochloric acid: 

^ MgCl^ + H^O ^ Mg(OH)Cl + HCl ; Mg(OH)Cl ^ MgO+HCl. 

The hydrochloric acid thus produced attacks iron, and hence sea water cannot 
be used in marine boilers, since it contains magnesium chloride. The magnesium 
oxychloride is also formulated as MgO.MgCl,, which on being ignited in air 
leaves the oxide. 

2MgCl, + H,0 MgO.MgCl, + 2HC1. 

2(MgO.MgClJ + O, 4MgO + 2C1,. 

AnhyArous magnesiiiiii chloride cannot be prepared by heating 
the hexahydrate, MgCl,, OH^O, in air ; at 200* it loses 5 molecules of 
water of crystallisation, and is itself converted to magnesium oxy- 
chloride, which finally decomposes into the oxide at 600®, vide supra. 

The anhydrous salt is prepared (i) by heating the hyd^te in 
vhciinhi at 175® or in a current pf hydrogen chloride ; (ii) by heating 
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ammonium magnesium chloride, MgCi^, NH^Cl, eH^O, prepared by 
evaporating to dryness a mixed solution of cquimolecular amoun.ts of 
magnesium chloride and ammonium chloride: 

MgCl„N»,Cl,6H,0 = MgCl 2 +NH,Cl + 6H,0. 

(iiij by heating to redness a mixture of magnesium oxide and 
coke in a current of chlorine: MgO-fC + Clj = MgClj + CO. 

A paste of magnesium oxide and magnesium chloride (Sorel’s cement) ■'^ts 
to hard mass on standing; the paste is used for cementing glass and porcelain, 
as a dental-filling, and as a finish for plaster. Magnesium chloride is also usM 
in dressing cotton threads for spinning. 

Magm^um nitrate is made by dissolving oxide or carbonate in dilute 
nitric acid ; it separates from solutions in deliquescent crystals. 
Mg(N03)„ 6H,0. 

Magnesium sulphate, MgSO^, is found in certain mineral springs, 
o.g. those at Bath and Epsom. It is mainly obtained commercially 
by dissolving MgSO^, U^O, (practically insoluble in cold 

water) in boiling water, and then crystallising the solution, when the 
hepta hydrate, Epsom sidt, MgSO^, THgO, separates. It may also 
be obtained (i) by dissolving magnesite in hot dilute sulphuric acid, 
(ii) by dissolving dolomite in hot dilute sulphuric acid and removing 
the insoluble calcium sulphate by filtration. * 

. MgCOj + H^SO, = MgSO, + Hp-hCO,. 

It is a colourless, crystalline solid, soluble in water, and isomor- 
phous with zinc sulphate, ZnSO*, TH^O. A variety isomorphous with 
FeSOp 7 H 3 O also exists. • 

It readily forms double salts with alkali metals, c.g., K 3 SO 4 , 
^MgSO^, OHjO. The hydrate is rendered anhydrous by heat at 200°. 

It is used (i) as a purgative in medicine, (ii) in sizing and loading paper, 
silk and cotton, (iii) in dyeing and fire-proofing, (iv) in tanning and weighting 
leather, (iv) as platinised magnesium sulphate in the manufacture of sulphuric 
acid. 

Magnesium sulphide.— MgS, i.s formed by direct combination. It is hydrolysed 
by water. 

Detection of Magnesium. — (i) Magnesium compounds, mixed with sodium 
carbonate and heated on charcoal in the oxidising flame, Icav^ a white incandes^ 
refit residue, which on being moistened with cobalt nitrate and heated again, 
turns (ii) Ammonium hydroxide throws from an aqueous solution a white 

precipitate of magne.sium hydroxide, soluble in ammonium chloride solution, (iii) 
Oisodium hydrogen phosphate solution yields a white precipitate of magnesium 
ammonium phosphate from an ammoniacal solution : * 

MgSO, + Na,HPO^ + NH^OH - Mg(NHJPO, + Na,SO^+ H,0. 

Calcium 

Occumnee. — Calcium is not found free in nature, but in combination with 
oxygen, it fonns about 5%, of the earth’s crust. The chief mineral is calcium 
carbonate, GaCO,, which occurs in two crystalline forms, aragonite and calcite 
or Iceland spur. Aragonite occurs in the shells of molluscs and in coral. In a 
massive form calcite occurs as marble, limestone, and chalk. Chalk is the shells 
of marine organisms.. Dolomite is the double carbonate MgCO,, CaCO«. Other 
calcium minerals are : gypsum, CaSO^, 2H,0 ; anhydrite, CaSO. ; fluorspar, CaF, ; 
apatite, OaFj,3Ca,(PO.), and lime felsj^r, CaAlaSisO,. Calcium is the chief 
constituent of egg-shells and bones (together with calcium phosphate). 
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Extraction*— Metallic calcium is obtained by the electrolysis o 
fused calcium chloride. Calcium chloridi 



(m. p. 774®), mixed with some fluorspai 
to lower the meltmg point, is fused at 
064® in a grapmte crucible (fig. 168). The 
bath is kept at 700°, which is below the 
solidification point of calcium, 851", and 
alcove that of the melt, 664". The anodes 
arc graphite plates, and the cathode is 
a water-cooled irqii rod which just touches 
the melt. During electrolysis chlorine is 
liberated at the anodes, and calcium at 
the cathode, which quickly solidifies. As 
the calcium accumulates, the cathode is 
slowly raised by an electrically driven 
mechanism, so that the metal is produced 
in the form of a rod, which is protected 
from oxidation by a layer of calcium 
chloride. 


Properties — (ij A silver white, fairly soft, mellcable metal, cal- 
cium tarnishes gradually in moist air. It burns in air with a reddish 
light, yielding a mixture of the oxide and nitride. 

2Ca + O, = 2CaO ; 3Ca + 

(ii) It disGolves readily in colH water, liberating hydrogen and 
f6rming calcium hydroxide. Ca+2HOH = Ca(OH )3 + H 3 . 

The metal dissolves vigorously in dilute acids. 

(iii) The heated metal combines with oxygen to yield calcium oxide, vith 
.hydrogen to yield calcium hydride, with nitrogen to yield calcium nitride, with 
chlorine to yield calcium chloride, and with sulphur to give calcium sulphide. 
It also combines with carbon, giving calcium carbide, CaC„ and hence the metal 
cannot be prepared from the oxide, by reduction with carbon. 

Ca + H, = CaH, ; Ca + Cl, = CaCl,. 

(iv) It absorbs ammonia gas in the cold with the formation of the compound 
Ca(NH,).. 

Calcium is used (i) in freeing absolute alcohol from the last tracer 
of water, (ii) in removing the last traces of air from high vacuum, (iii) in the 
preparation of calcium hydride, (iv) dn metal castings as a deoxidant, and (v) in 
separating argon from nitrogen. 

« Compoimds of Calciom 


CakhoB* oxide, CaO, commonly called quick iime, or lime is 
made by decomposing limestone at a high temperature, about 
1000* in a lime-kiln, which is a tall brick structure, generally built 
near a limestone quarry. CaCOj CaO + CO, — 42.000 calories. 
Lumps of limestone are introduced into the kiln through^ a charging 
door at the top, and heated either ^ producer gas admitted at the 
base or by the combustion of coal (mtroduced along with limestone) 
inside the kiln. Lime works its way padually down the kiln and is 
withdrawn at the base; carbon dioxide passes out through an exit 
at the top (fig. 169). 
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It is a white amorphous powder, which emits intense white light 
(Hme light), when heated in .the 
oxy-hydrogen flame. It fuses at 
2570°. A basic oxide, it reacts with 
acids and acidic .oxides, yielding 
salts. It reacts with strongly heated 
silica, forming easily fusible calcium 
silicate; CaO + SiO^ = CaSiOa* It re- 
acts with dry CO^ only above 300®. 

It reacts with chlorine above 300° 
giving off oxygen: ' 

2CaO + 2Cl2 = 2CaCl^-f O,. 

When quick lime is sprayed with 
water much heat is evolved and 
clouds of steam are given off; lime 
combines with water, swells up, 
cracks and finally crumbles to a fine, 
dry, white powder of calcium hy- 
droxide, Ca(OH) 3 , called slaked lime, 

CaO-f HjO = Ca(OH) 2 . The process 
is called slaking of lime and the pro- 
duct slaked lime, 

. Fig. 169 

Calcium hydroxide, slaked Jime, Ca(OH)^, is objtaincd by spray- 
ing water on the quick lime. It is sparingly soluble in water, about 
0-23 gm. in 100 gms. of water at 0° : it ts less soluble in hot water 
than in cold. The solution is called lime-water ; it readily absorbs 
carbon dioxide and is used as a test for the gas (p. 324). 

A fius])6iision of .slaked lime in water is called milk of lime. In its reactions, 
it resembles cau.stic soda, and is largely used in industries as a cheap source 
of alkali. 

Uses of lime. — Quick lime is used as a drying agent; as a basic flux in 
inetallurgy; in the manufacture of calcium carbide; and for producing lime 
light. Slaked lime is used for the manufacture of caustic soda and bleaching* 
powder; in glass-making and in the recovery of ammonia in the Solvay process; 
or softening temporary Iiard w'ater ; for the removal of hair from hides in leather 
industry ; for tahitewaMmj of buildings ; for the purification of coal gas and 
sugar; in agriculture; in the manufacture, of mortar and cement. 

Mortar. — Builder’s mortar is a mixture of slaked lime (1 part) and sand 
(3 parts) made into paste with water. It sets to a hard mas9, by loss of water, 
into the bricks; slaked lime is gradually converted to calcijim carbonate by 
al^orbing atmospheric carbon dioxide. 

Cement — Portland cement is manufactured by heating finely pulverised lime- 
stone with clay at 1400** in an inclined rotary kiln (fig. 170) ; the charge is fed 
into the top of a long rotating tubular furnace, which is fired by injecting coal 
dust and air at the base. The charge sinters, and the resulting cement clinker 
is taken out at the base, cooled, and then ground in tube mills to a fine powder, 
and packed in air-tight barrels. It is essentially a mixture of tricalcium silicate. 
3CaO,SiOa, and tricalcium aluminate, 3CaO,Al’Oj,. It sets with water (whenoe^ 
the name hydrautie cement) within a few hours (about 2 to 3% gypsum is added 
to cement to retard quick getting) to a hard mass, which becomes steadily harder 
with time. The setting is due to the hydrolysis of calcium silicate and aluminate 
—the products of hydrolysis forming interlocking crystals. 

27 
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Ordinary mortar cannot set tinder water, since its setting requires carbon 
dioxide; but a paste of cement and sand (cement mortar) sets easily under 
water. 



Fig. 170 


Concrete is a mixture of cement with sunil and stone chips, li set 
hard rock -like mass, and is largely used for building purposes. The tensile 
strength of concrete is increased by allowing it to set on a framework of steel 
rods; the material thus obtained is called reinforced concrete, and is used for 
the construction of ‘ bridges, buildings and qpibankmcnts,, etc. 

Soda lime is a dry mixture of slaked lime and caustic soda, made by slaking 
lime with strong caustic soda solution. It is used as a drying agent; as an 
absorbent for acid gases; in gaa maeke, 

• Calcium carbonate, CaCO.,, occurs in nature as marble, limestone, 
chalk, coral, calcitc, etc. It is prepared as a white powder, known 
as precipitated chalk, by dissolving marble or limestone in hydrochloric 
acid, and removing any iron and aluminium present, by precijiitating 
with ammonia, and then adding ammonium carbonate to the solution : 
the precipitate is filtered, washed and dried; 

CaCl, + (NH J.COg = CaC 03 + 2NH,C1. 

Lime stone finds extensive use in making cement, lime and glass, and as a 
flux in metallurgy. Marble is used iq. building and sculpture. Chalk used 
in the preparation of whiting, etc. Preciyitoied chalk is used in meditine, and 
in the preparation of tooth pa.stes and face powders. 

^It dissolvcs jn water containing carbon dioxide, forming calcium 
bicarbonate but is precipitated from the solution by boiling: 

CaCd3 + H.O + CO 2 ^ Ca(HC03)2. 

Calcium chloride, CaCb„ is produced in huge quantities in the 
Solvay process. It can be prepared by dissolving the carbonate in 
hydrochloric acid, and concentrating the solution, when colourless 
deliquescent crystals of the hexahydrate, CaClgjfiHaO, are deposited 
CaCOg + 2Ha = CaCla + H,0+COa. 

It dissolves in water with a considerable lowering of temperature 
(tb-* ^eutectic point is —55®) and hence the use of calcium chloride 
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solution in refrigerators. It also dissolves readily in alcohol. The 
hydrate is rendered (unlike magnesium chloride) anhy4rous by heat ; 
the product, however, contains a Uttlc lime due to slight hydrolysis: 

CaCl^ + HP ^ CaO + 2HC1. 

The pure anhydrous salt (m.p. 782®) is obtained by heating the hydrate in 
a current of dry hydrogen chloride. 

Tlie anhydrous salt is used for drying gas^ and liquid organic compounds, 
but cannot be used for drying ammonia or alcohol due to the formation the 
compounds, CaClijBNHa and CaClj, 4CVH5OII ; for the preparation of metallic 
calcium. 

Calcium nitrate^ Ca(NOj2> prepared by the action of dilute nitric acid 
upon lime stone. It is slightly deliquescent, it finds some use as a fertiliser. 

Calcium sulphate^ CaSO^, occurs as anhydrite^ CaSO^, and as the dihydrate, 
CaS0^,2H20, (jypsmn^ afnbnster or satin-spar. It is sparingly soluble in water, 
having the maximum solubility of 021% at 38®. When gypsum is heated, at 
about 120° it partially loses water, giving the hemi-hydrate, plaster of Paris, 
^(^aSOjjH^O, which becomes anhydrous by heat at 200° ; slight decomposition 
into calcium oxide and sulphur trioxide occurs above 400°. 

Plaster of Paris, 2 CaS 04 ,Hp. — It is made by heating gypsum 

at about 120°, without any contact with carbonaceous fuel (to prevent 
reduction into sulphide CaSO^ + 4C = CaS + 4CO), in large steel pots 
provided with mechanical stirrers or in a rotary kihi. Gypsum partially . 
loses water producing plaster of Paris. The temperature is carefully 

controlled, since at higher temperature it is fully dehydrated, and is 

said to be dead burnt, as the product then loses its power of quick 

setting. Plaster of Paris, made Into a paste with water, quickly sets 

to a hard mass, Tvith a slight expansion in the process — setting bSng 
due to reconversion into gypsum, 

2 ((CaS 04 , 2 H 20 ) (gypsum) 2CaS0^,H20 (plaster of Paris) + 3HaO. 

Plaster of Paris is used in taking casts in moulds; in surgical bandages 
ns .I cement and wall plaster, Oypsuin is used in the preparation of plater of 
Paris and ammonium sulphate; for filling or glazing paper; as a fertiliser in 
agricullure ; in making crayons, so-called ‘chalk’ pencils. 

Calcium sulphide, CaS, is formed by reducing calcium sulphate with coke 
or hydrogen. It was formerly obtained as alkali-vjaste m t.cblanc process. It is 
sparingly soluble in water, in which it is partially hydrolysed. 

2CaS + 2H0H Ca(OH), + Ca(SH),., 

Impure calcium sulphide becomes phosphorescent after an exposure to- sun- 
light. It is used in tanning for removing hair from hides ; and in depilatories. 

Detection of calcium. — (i) (^alcium compounds niay be “detected by flams 
test, since, they give a transient deep red colour, which readily, turns brick-red, 
(ii) Ammonium oxalate throws from an aqueous solution a white crystalline preci- 
pitate of calcium oxalate, insoluble in acetic acid. > 

Strointimn and Barium 

Occurrence. — The chief minerals of strontium are ; strontianite, SrCO,, and 
celestine, SrS0„ and those of barium are : witherite, BaCO,, and barytss or 
heavy spar, BaSO^. 

Preparation. — Metallic strontium and barium are prepared by the electrolysis 
of the fused chloride or by heating the oxide with aluminium powder tn vacuo. 

Properties. — Soft, silver-white, metals, thev bum to their monoxides in 
air— barium is so reactive that it inflames spontaneously. They decompose cold 
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water — barium reacting more vigorously — with the liberation of hydrogen and 
forming the hydroxide. They unite, when heated, with h;^rogen and nitrogen, 
yielding respectively hydrides and nitrides which are decomposed by water : 

BaH, + 2H,0 = Ba(OH), + 2H, ; Ba3N, + 6H3O = 2NH3 + 3Ba(OH)3. 

Oxides. — The oxides are best obtained by heating the nitrate or reducing 
the carbonate with cliarcoal at a red heat : 2Sr(N03)3 = 2SrO + 4NOj + O3 ; 
BaCOj+C = BaO+2CO. The hydroxide is also converted to the oxide by heal. 

White infusible powder, more fusible than quick lime, they are slaked by 
water to form hydroxides with evolution of much heat. When heated to 600® 
in air or oxygen barium oxide forms peroxide, BaOj, which itself decomposes 
above 800® or under reduced pressure ; 2BaO + O3 - — 2Ba02. Strontium oxide 
also combines with oxvgen under pressure at a dull red heat to form the peroxide, 
SrO^. 

Hydroxides. — The hydroxides arc made by heating the oxides with hot wajer : 
BaO 4- HjO = Ba(OfT)2. The hydroxides are manufactured by heating the car- 
bonates to strong redness in a current of steam : BaCO, -f H^O ^ Ba(OH)3 4- CO^. 
Native carbonates may be used or the carbonates may be made from mineral 
sulphates by heating them with carbon to form sulphides, which are then treated 
with moist carbon dioxide : 

BaSO^ 4- 4 C = Bag + 4 CO ; BaS 4* H^O 4-CO3 := BaG03 4- H3S. 

Barium hydroxide is known as hnryta. The hydroxides dissolve in water, 
giving alkaline solutions — ^baryta water is strongly alkaline and gives a white 
precipitate of the carbonate, BaCO,. with carbon dioxide. 

Sferondiim and barium salts. — The carbonates or .sulphides arc dissolved in 
acids, and the salts crystallised. * 

CryBtalB of strontium, chloride^ SrCK,,, 6H3O, are efflorescent but those of 
harium chloride, B{iCl.,,2H„0, are unchanged in the air. Strontium mtrate, 
S}r(N03)2, barium nitrate, Ba(NO,)j, are used in lire works, mixed with 
charcoal and sulphur to produce red and green fire respectively. 

Native sulphates which are insoluble in acids are converted to : (i) carbonates 
by fusion with excess of sodium carbonate — the carbonate.^ are separated from 
the sodium sulphate bv boiling the fused mass with water and washing j 
BaSO^ 4- NapCO, = BaCO, 4- Na^SO^ or (ii) sulphides by strongly heating with 
carbon : BaSO, 4- 4C = BaS 4- 4CO. 

Carbonates. — The carbonates resemble chalk but are more stable towards 
heat. They are fairly readily converted to oxides, if heated to redness wdth 
carbon : BaC03 4- C = BaO 4- 2CO. 

Sulphates. — By adding dilute sulphuric acid or a soluble sulphate to a 
solution of a barium salt, hariuTn ffufpnafe is formed as a line white precipitate 
nearly insoluble in wa^r (2*4 mgm. per litre) and acids, except hot concentrated 
HCl or HgSO^. The insolubility of barium sulphate provides a method for the 
estimation of barium as sulphate. 

Barium sulphate is used as a basis for paints under the name hlann fixe but 
has a poor covering power. It is also used as a filler for paper and rubber. 

Strontiqm sulphate resembles barium sulphate, but is more soluble in water 
(about 0*01 per cent at 15®). 

Solphides. — Barium sulphide is prepared by reducing the sulphate with 
coke at KXX)® ; BaSO^ 4- 4C = BaS 4- 4CO. It dissolves in water, forming the 
hydroxide and hydrosulphide : 2BaS 4- 2H3O = BafOH), 4- Ba(SH)3. 

The white pigment lifhopone is a mixture of a barium sulphate and zinc 
sulphide made by precipitation by the interaction of 'solutions of barium sulphide 
and zinc sulphate and heating the precipitate at 50® ta 60® : 

BaS + ZnS04 = BaSO^ 4“ ZnS. 

' Btrontium sulphide resembles barium sulphide. 
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DetectioD. — (i) A strontium compound imparts a peraiatent crimson eolovr 
to the Bunsen flame, while a barium compound is characterised by the green 
colour "of its flame. 

(ii) Potassium chromate gives, with a solution of a barium salt, a yellow 
precipitate of barium cliromate insoluble in acetic acid — strontium chromate is 
soluble ill acetic acid. Ammonium sulphate gives, with a solution of strontium, 
salt a white precipitate of SrSO^, insoluble in acids. 

XXIX ^ 

ZINC, CADMIUM & MERCURY 


Group I IB of the periodic classification contains the metals zinc, cadmium 
and mercury. 



Atomic no. 

At. wt. At. vol. 

Density 

M. pt. "0. b. pt. ‘C 

Zinc 

30 

65*38 

9*21 

7*1 

419 920 

Cadmium 

48 

112*41 

13*01 

8*64 

321 767 

Mercury 

80 

200*61 

14*02 

13*6 

—39 356*9 


Zinc 



^If 


Occurreiice.-' The principal ore of zinc is zinc sulphide or zincblendo (*‘blacl|^ 
jack”), ZnS, which is usually associated with argentiferous galena. Less important 
minerals we: calamme (smithsonite in the U.S.A.), ZnCOj,; electric caCcamine 
(calamine in the U.S.A.), Zn^SiO^jHaO; willeuiite Zn^SiO^; franklinitCf ZnO, 
FegO^; and zincite or red zinc ore, JJnO. 

Extraction. — Tlie most important sourco of zinc is zinc blende. 'The mixed ore 
of blende and* galena is concentrated by oil-floataiion process. The finely-crushed 
ore is churned up with water containing 
eucalyptus oil and a little acid — galena 
collects in the froth formed on the surface 
of the liquid, and is removed. The 
blende collects in a second froth produced 
by adding more oil and acid to the liquid 
— the gaiigue sinks to the bottom. Zinc is 
obtaned from the zinc concentrate either 
(i) by the reduction pivcess, or (ii) by the 
electrolytic process. 

(i) Tbe reduction process.— It con* 
sists of three steps; (a) roasting, (b) 
smelting, and (c) refining: • 

(a) Roasting.— In order to con- 
vert the blende into zinc oxide, the 
zinc concentrate is roasted in air at 
a high temperature in a multiple- 
hearth roaster through which air cir- 
culates, and where the blende is raked 
in a series of shelves (fig. 171). Care 
is taken that only zinc oxide is pro- 
duced, and no zinc sulphate* since it 
. would again give sulphide in subse- 
'^spjent reduction. Some sulphate 

that it always formed is decomposed at the high temperature used. 

2ZnS+BOa =:= 2ZnO + 2SOj ; ZnS+!^a = ZnSO^. 


ownxr 
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The sulphur dioxide may be utilised in making sulphuric acid. The carbonate 
ore, if used, is also calcined to eliminate carbon dioxide which readily oxidises 
zinc vapour : 

ZnCO, := ZnO + CO, ; Zn + CO, ZnO + CO. 

(b) Smelting. — Tlie roasted ore (zinc oxide) is then mixed with 
about half its weight of powdered coke, and packed into fire clay 
retort R closed at one end and set in several rows in a furnace, 
sloping towards the open end (fig. 172) — ^jhe open end of each retort 
is fitted with a conical clay tube C (condenser) which in its turn is 



Fig. 172 


luted with clay with an iron tube P, known as the prolong. The 
furnace is heated to 1350® by producer gas and air on the regenerative 
principle of heat economy. The zinc oxide is reduced by coke, yielding 
carbon monoxide, and metallic zinc (b. pt. 920®) which distils off. 

‘ ZnO + C = Zn + CO. 

The zinc vapour passes with the carbon monoxide into the con- 
♦wdonsing system, where the zinc partly deposits as liquid metal in the 
totfdenser and partly as zinc-dust in the prolong. ITie carbon mono- 
, xidc passes on and burns at the mouth of the condensers. 

^ The first portion of the lUatillate, collecting as zivc-dvsf, in the prolong^ 
Gontns any cadiniifm that may be present in the ore, and some zinc oxide formeci 
by the oxidation of zinc vapour by oxygen or carbon dioxide, initially contained 
in the condensing system. Since zinc vapour is readily oxidised by carbon 
dioxide, the smelting is done in a carbon monoxide atmosphere. 

The molten metal in the condensers is transferred to moulds 
where it solidifies to give crude zinc, called speller, which contains 
about 97 to 98 p^r cent zinc, 2 per cent lead, and traces of iron, cadmium 
and arsenic. 

(c) Refining. — The crude zinc is refined by fractional distillation. The molten 
epclter is fed into a column heated above the boiling point of zinc (920"), when 
the zinc and cadmium distil out at the top and are condensed, and lead (b.p. 
1620^) and iron (b.p. 2800®) collect at the bottom of the column. The molten 
zinc-cadmium alloy is then similarly treated in a second column heated above the 
b.p. of cadmium (767") when the more volatile cadmium distils off at the top and 
vei 7 (99*99 per cent) collects at the base of the column. Cadmium is 

recovered as a by-product. The zinc oxide is also smelted with coal in arc or 
resistance type electric furnaces. 

Gontinuou.s vertical retorts are also used. In the vertical retort process the 
charge of roasted ore (zinc oxide) and coke is fed through a charging door at 
the top into tall narrow vertical fireclay retorts (fig. 173) fired externally by 
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producer gas and air. The charge gradually descends by gravity and the zinc^ 
oxide is reduced to the xnetal ; ZnO + C g- 

= Zn + CO. The temperature is high enough 
to vaporise the zinc. The zinc vapour and 
carbon monoxide, pass out through an exit at 
the top into a condenser in which the zinc 
condenses and CO goes out. Producer gas is 
forced into the retort from below in order to 
completely drive out the zinc vapour. The 
residue as it descends down, is automaticaHy 
■withdrawn at the base. 


(ii) Electrolytic method. — Pure zinc is 
made by electrolysis of an acidified solution 
of pure zinc sulphate with a high current 
density. The zinc concentrate is roasted in 
air below 700® to convert the blende into zinc 
.sulphate. The roasted mass is leached with 
dilute sulphuric acid, when an impure solution 
of zinc sulphate is obtained. The solution is 
treated v/ilh milk of lime to precipitate iron 
and aluminium as hydroxides, and silica as 
taUium silicate, which are filtered off. The 
filtrate is then stirred with zinc-dust to preci- Fig. 173 

pitate the more noble metals copper and cad- 
mium which are removed by filtration. The soluti^i is next acidified and 
electrolysed with a lead anode and aluminium cathode — the zinc deposited on the 
tathode is stripped off; it is of 99*95% purity. 



Properties of zinc, — (i) Zinc is a bluish-white® metal, which tar- 
nishes in moist air by the formation of film of basic, carbonate. 

Though brittle- below 100® and above 200®, commercial zinc is malleable and 
ductile between 100® and 150®, at which temperature it can be rolled into sheets 
and drawn into wire. Pure zinc is malleable at all temperatures. 


Zinc burns in air with a g;rcen flame if strongly heated, forming 
v.Iiiic clouds of zinc oxide wliich settle in wooly flocks (philosophers 
li ool) : 2Zn + O^, = 2ZnO. 

(ii) Pure zinc is not attacked by water ; commercial zii^ also 
zinc coated with coppcf, decompo.ses boiling water, giving off hydrogen. 
The red-hot metal reacts vigorously with steam, producing hydrogen. 

H^O + Zn = H^ + ZnO. 

(hi) Commercial zinc readily* dissolves in HCl and dil. HaS04, 
Yielding hydrogen ; very pure zinc dissolves only exceedingly slowly. 
The metal is a convenient reducing agent in presence of dilute 
sulphuric acid: Fe2(S04), + Zn = ZnS04 + 2FcS04. • 

Zinc dissolves in nitric acid (p. 250), Zinc reacts with hot con- 
centrated sulphuric acid, giving off SOj! 

Zn-f 2H2SO4 = ZnS04 + 2Ha0+S0a. 

(i) Ir dissolves in hot solutions of caustic soda and potash? yielding 
liydrogen and zincate. 2^-f2NaOH = Na^ZnOa + Hj. 

A mixture of zinc dust and caustic soda reduces an aqueous solution of a 
nitrate to ammonia. 

NaN 03 + 4Zn + 7NaOH = NH, + 4Na3ZnO, + 2HaO. 
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, (v) It combines with chlorine if heated, yielding zinc chloride; but it dees 

not directly combine with hydrogen, nitrogen or carbon. Zinc nitride is formed 
by heating the metal in ammonia. 

3Zn + 2 NH 3 = Zn,Na + SH,. 

(vi) It precipitates the ra6rc noble metals, such as lead, copper, 
silver and gold, from their aqueous solutions. 

CiiSO.+^Zn = ZnSO^+Cu. 

Uses of zinc.— (i) llemarkably resistant to atmospheric corrosion, zinc is 
largely used to protect iron from rusting. The iron sheets or ware are cleane i 
by a sand-blast followed by ‘pickling' with dilute hydrochloric acid, and then 
dyped in molten zinc containing a flux of ammonium chloride, when a tliiii 
adherent coating of zinc is formed ; the process is ciiliod galvanisatioii and the 
product (jatvanized ivon^ Iron articles niay also be coated with zinc by hcatiiie; 
them in zinc dust (sherardizing), by spraying, or by electro-deposition. Oaha- 
msed iron is not used for food stulT containers, since zinc is poisonous. 

(ii) Zinc is used for the manufacture of zinc and several useful allovs 

such as bra .^9 and Gcnruxn-ailvtr ; for the precipitation of gold and silver in the 
cyanide method; for the desilverisution of lead in Parkes process; and as tlic 
anode material in galvanic cells. 

c (iii) Zinc dust or granulated zinc an important reducing agent. 'Ainr dint. 
containing finely divided zinc with some zinc oxide, is made by atomising molten 
zinc v^dth a jet of high pressure air; also found in the prolong during the 
fimelting process. Granulated zinc having a large surface for a given weight, is 
prepared by pouring a thin stream of molten zinc in water. 


Compounds of Zinc 

« 

Zinc oxide, ZnO, is made for use as the ])i|^mciu zinc white 
by burning zinc in a current of air, the oxide collecting in white 
wooly flocks, known as philosopher's wool: 2Zn+0^ = 2ZnO. It is 
made for {preparing zinc ointment in pharmacy, by precipitating 
solution of zinc sulphate with sodium carbonate and heating the basic 
carbonajte. 

An insoluble white powder, it turns yellow on lieating, the white colour 
appeamig on cooling. , It is amphoteric (p. 176). It is reduced to metal hv 
carboifTor hydrogen at a red heat. On being heated with cobalt nitrate, it yields 
the green pigment cobalt zineate, CoZnO,, called llinrnards green. Zinc oxide 
used as an absorbent in surgical dressing, and as a ‘filler’ for rubber. 

Zinc hydroxide, Zn(OH) 2 , is thrown as a white gelaiinoiis preci- 
pitate by adding the correct amount (not in excess) of caustic soda 
to a solution of a zinc salt—thc precipitate is soluble in excess of 
the alkali, forming zineate. 

ZngO, + 2NaOH - Zn(OH) 3 -i-Na 2 SO, ; 

Zn(OH)2+,2NaOH - NvL.,ZnO,^2Hfi. 

It also dissolves in ammonium hydroxide, forming the colour- 
less complex hydroxide, fZn(NH 3 )J(OH) 2 . It may be precipitated 
from solutions of zinc salts by ammonia (not in excess), but not by 
Ammonia containing ammomuni chloride. Zinc hydroxide is an 
amphoteric compound like zinc oxide. 

^rbonate, Zn(^ 0 ,, is precipitated as an insoluble white powder by 
adding sodium bicarbonate to a solution of a zinc salt — sodium carbonate yields 
a basic carbonate. It loses carbon dioxide by gentle heat, leaving a residue of 
zinc oxide.' 
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Zinc chloride, ZnClj^^ is obtained in solution by^ dissolving metallic 
zinc, the oxide or the carbonate in hydrochloric acid — the solution on 
evaporation yields the crystals of the monohydrate, ZnCljjjHaO ; but this 
cannot be rendered anhydrous by heat, since a basic chloride is formed : 

ZnCl^-f HOH ^ Zn(OH)Cl + HCl. 

2 ZnC 4 +Hp ^ ZnCl 3 .ZnO+ 2 HCl. 

Anhydrous zinc chloride is obtained (i) by heaftng the hydrate, ZuCKjHjCf 
in a current of hydrogen chloride, (ii) by passing hydrogen chloride over ncate<l 
zinc, (iii) by passing chlorine over heated zinc or zinc oxide. 2ZnO+2Cl, 

= 27aiCI^ + Oj. It is fused and cast into sticks. Zinc chloride is highly deli- 
<j[uesceiit and is soluble in water, alcohol, acetone, ether and pyridine. 

/inc chloride is used as a dehydrating agent and as a catalyst in organic 
dieinistry; as a caustic in surgery; in making soldering fluids (‘killed .spirits*) ; 
in the preparation of vulcanised fibre and activated charcoal ; in the preservation 
■of timber against ‘dry rot; in making dental filling (a paste of zinc chloride 
with zinc oxide and powdered ^lass). 

Zinc nitratC) Zn(NO,)^, is obtained in colourless deliquescent crystals, 
ZnINUJj, 6 H 2 O, by dissolving zinc carbonale in dilute nitric acid and crystal- 
lising the solution. 

Zinc sulphate, ZnSO^. is prepared in solution by dissolving metallic 
zinc- the oxide or the C/arbonatc in dilute sulphuric, acid ; colourless 
efflorescent crystals of the hepiahydratc, ZnSO^jTH.^O, known as white 
vitriol, deposit on concentrating the solution to crystallisation below 30®. 

Industrially blende, ZnS, is converted to zinc sulphate by roasting 
in air below 7(30®. The roasted mass* is lixiviated with dilute sulphuric 
acid, and the solution evaporated to crystallisation below 80**, when* 
the crystals of white vitriol separate: ZnS +203 — ZnSO^. 

It is isomorphous with Epsom salt and green vitriol. It forms 
double salts with potassium or ammonium sulphates, e.g., K^SO^, 
ZnSOj. OH/). The hydrate becomes anhydrous by heat at 450® ; it 
decomposes on further heating, leaving a residue of zinc oxide. 

2ZnSO, - 2ZnO + 

Zinc sulphate is used in making the white pigment lithopoae (a mixture of 
vine sulphide and barium sulphate made by precipitation : BaS-fZnSO, BaSO^ 
-fZnS); in solution (J per cent, ZuSO^) as an eye lotion; as a mprdant in calico 
printing; in preserving hides. 

Zinc sulphide, ZnS. occurs as blende, aud may be made by heating zinc 
filings with sulphur. It is obtained as a white precipitate by adding ammonium 
sulphide to a Jsolution of a zinc salt. It is insoluble in water, all^li and acetic 
acid, but readily soluble in dilute mineral acids. Hence if hydrogen sulphide 
is passed into : • 

(i) an alkaline solution of zinc salt, zinc sulphide is ^uecipitated : 

Na 3 Zn 03 + 2 H,S = Na.S+ZnS+aH^O ; 

(ii) an acidified (with dilute HCl or 11.^80 J solution of zinc salt, no preci- 
pitate is formed. 

(iii) a solution of zinc sulphate (or chloride) ZnS is at first precipitated but 
the precipitation soon stops due to the acid formed. But when sodium acetate 
is added to the solution, the zinc is completely precipitated since the mineral 
acid formed is converted into acetic acid in which the ZnS is insoluble. 

ZnSO^ + HgS = ZiiS + HjjSO^ 

2CH,C()ONa + H,SO, 2CH,rOOH -f Na,SO,. 
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In presence of traces of impurities, e.g., bismuth sulphide, zinc sulphide 
becQines phosphorescent. It is used as a white pigment. 

Detection of zinc. — (i) Zinc compounds, on being heated with sodium 
carbonate on charcoal in blow pipe flame, yields a white incandescent residue 
(of zinc oxide) which is yellow when hot, and white when cold. The residue, 
on being moistened with cobalt nitrate and heated again, turns grem 
(llinman's green). 

(ii) Ammonimn sulphide yields with a solution of a zinc salt, a white 
precipitate of zinc sulphide* insoluble in alkali and acetic acid, but soluble in 
dilute mineral acids. 

(iii) Caustic soda gives with a solution of a zinc salt a white precipitate of 
zinc hydroxide, soluble in excess of the alkali. 

Comparison of Calcium, Ma^esium and Z/nc. — (i) Physical properties: 

The elements Ca, Mg and Zn are silver-while metals which arc good conductors of 
heat and electricity. Their densities increase, but the m.p.’s and b.p.’s decrease 
from calcium to zinc. 


Density 
Melting point 
Boiling point 


Calcium Magnesium Zinc 

1*56 1*74 7T4 

851 651 419*0 

1439®C 1110*0 920*C 


The metals are , fairly atrongh/ electropositive but this property gradually 
decreases from calcium to zinc. 

(ii) Valency : The metals are uniformly divalent. 

(iii) Action of air : Calcium readily tarnishes in air, while Mg and Zn tarnish 
but slowly in air. AH three metals Jburn in air : Ca burns to CaO and Ca-jN,, 
and Mg to MgO and MgjN,, but zinc to ZnO only. 

(iv) Action of acids: All tlnoe mclnls dissolve in dilute HCl or 11^804 with 
the liberation of hydrogen. Magnesium alone gives hydrogen with dilute nitric 
acid. 

(v) Action of water : Calcium dissolves in cold water, liberating H,, Mg 
powder and Zn-Cu couple decompose boiling water, giving off H,. Red-hot 
Mg and Zn readily decompose steam with liberation of hydrogen. 

(vi) Action of hydrogen : Calc inm alone forms stable sall-liko liydiidc, CaH,. 
by direct absorption of H, at about 350*. 

(vii) Action of nitrogen : Red-hot ('a and Mg (but not Zn) form Ca^No an I 
Mg.Nj by direct absorption of nitrogen. 

(viii) Oxido and hydroxides: All three metals form very stable oxides of the 
typo MO. CaO and MgO are highly refractory and are used in furnace lining. 
CaO is not reduced by carbon; MgO can be reduced by carbon at 2000®C, while 
ZnO is readily reduced by carbon. The oxides are all white in colour, anrl 
become incandescent by strong heat; ZnO alone becomc.s yellow .while hot but 
white when cold. 

CaO is strongly hasii\ MgO is weahly hasic. and ZnO is amphoteric. Ca<) 
is sparingly soluble in water — slaking of lime with water is highly exothermic. 
MgO is very slightly soluble in water — the solution is alkaline to litmus. ZnO 
is insoluble in water. Calcium hydroxide is a strong hasSy sparingly soluble in 
water. Mg(OH)j is amphoteric; insoluble in water, it dissolves in caustic alkalis, 
NH^Cl and also in ammonia. 

(ix) Carbonate : Sodium carbonate solution precipitates the normal carbonate 
of calcium, namely CaCOj, but only basic carbonates of Mg and Zn, showing the 
weaker basic character of MgO and ZnO. The carbonates dissolve (but only 
slightly in the case of Zn) in carbonic acid to form unstable bicavbonates. The 
carbonates decompose by heat into the oxide of the metal and COa — the ease of 
decomposition increases from calcium to zinc. 
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(x) Chlorides : The chlorides are highly deliquescent solids, soluble in water, 
forming well-defined hydrates, e.g., CaCla.fiHaO ; MgClo.fiHaO ; ZnCl^.H^O. 
'Hie (iJaCh.fiHaO is only slightly hydrolysed on ignition, while the MgClg.fiHaO 
and ZnCljj.HoO are hydrolysed on ignition to MgO and ZnO respectively. The 
ease of hydrolysis of the salts increases from calcium salts (which are only 
slightly hydrolysed on ignitifin) to the zinc salts (which are readily hydrolysed). 

(xi) Sulphates : All throe metals form white crystalline sulphates c.g., CaSO*. 

2H.j() ; MgS0,.7Hj,0; ZnS0^.7Hj0. Their solubility increases from calcium 

sulphate (which is sjxrringly soluble in water) to the zinc sulphate; both MgSO* 
and ZnSO, are freely soluble in water. MgS0^.7Hj0 is isomorphous with 
ZnS0,.7H30 ; they also form double salts of the type K2S04.MgS04,6Ha0. But 
CaSO^ does not form double sulphate like Mg and Zn. 

(xii) Nitrates : All three metals yield deliquescent crystals, e.g., Ca(N03)3. 
WjO : Mg(N03)2.6H20 ; Zn(N05)2,6H30. The nitrates are decomposed by heat 
to CaO, MgO and ZnO. 

(xiii) Sulphides : The sulnhulcs are white solids. CaS is sparingly soluble 
and is hydrolysed by water; MgS is soluble and hydrolysed. ZnS is insoluble in 
water and alkali but dissolves in all dilute mineral acids but not in acetic acid. 

(xiv) Cyanides: ra((JN). and Mc(CN), are, wduble. but Zn(CN)3 is insoluble 
in water but dissolves in KCN, yielding K„Zn(CN)^. 

Cadmium 

Most zinc ores contain small amounts of cadmium. A minor source is the 
rare mineral grevnockite^ (’dS. • 

Extraction. — ('admium is more volatile than zinc, and during the smelling 
of radmiferou.s zinc ores the first portions of the zinc dust collecting in the 
•cceivers contain most of the cadmium as brown oxide OdO mixed with zinc 
Dxido. The dust is mixed with coal and dijdilled in retorts at a. low red-hcai, 
kvhen tlie crude metal containing 75 p.c. cadmium passes over, ^ho product is 
iistilled with charcoal in small clay or iron retorts, w^hen fairly pure cadmium 
s obtained. CdO + C = Cd 4* CO. 

Properties. — (cadmium is a tin-white, fairly soft, malleable and ductile metal. 
Tt burns in air, giving brown fumes of the oxide. It slowly dissolves in dilute 
hydrochloric and sulphuric acids, evolving hydrogen, and readily in dilute HNO., 
with evolution of oxides of nitrogen. Cadmium salts are usually colourless and 
are poisonous. 

Uses. — Cadmium forms fusible alloys, e.g., Wood'f^ metal, m.p. 71® ; is ICd, 
ISn, 2Pb, and 4Bi. Cadmium amalgam is used in Weston cell. Cadmium is 
added to silver to prevent staining.^ Cadmium (1 p.c.) is alloyed with copper 
for overhead tramway wires. 

Compounds of Cadmium 

Cadmium oxide, CdO, is formed on burrgng the metal in air, or igniting the 
carbonate or nitrate. Tt is a brown powder, and is basic in nature. 

Cadmium hydroxide, rd(OI[)„, is formed as a while precipitate by adding- 
alkali hydroxide to a solution of a cadmium salt. It is soluble in ammonia but 
unlike zinc hydroxide it is insoluble in excess of alkali. • 

Cadmium carbonate, CdCO^, is formed as a white •precipitate by adding 
excess of ammonium caibonatc to cadmium chloride solution, then ammonia till 
the precipitate just dissolves, and then heating on the water-bath. 

Cadmium chloride, CdC^l ,2^1130, is efllorcscent ; it is rendered anhydrous 
by heating in a currei't of HCl gas. Like mercuric chloride, it is a poor electro- 
lyte. 

Cadmium Iodide, Cdl„, forms while leaflets; it is oven a poorer electrolyte 
than the chloride, and is soluble in alcohol and acetone. During the electrolysis 
of its concentrated solution the cadmium tends to move to the anode rather than 
to the cathode. This is due to the formation of complex ions ; 

2Cdl3 Cd[CdTJ Cd++-f Cdl/' 
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The complex [Odl^]" ion moves to the anode. On diluting the solution the 
complex begins to dissociate and cadmium moves to the cathode. 

Cdl/' Cd+++ 41' 

Cadmium sulphate SCdSO^, is made by dissolving the oxide in 

sulphuric acid. It forms colourless monoelinic prisms^ and is used in Weston cell. 

Cadmium sulphide^ CdS, is obtained as a bright yellow precipitate on passing 
into a not too acid solution of a cadmium salt {cadmivm sulphide is not 
precipitated from a strongly a^cid solution). Cadmium sulphide is a costly yellow 
pijihent; mixed with barium sulphate it forms cadmiopone (cf. lithopone). 

Cadmium salts easily form complex cyanide, with potassium cyanide : 

Cdsb^ + 4KCN = Ka[Cd(CN) J + K,SO,. 

The complex cyanide partially dissociates, yielding (Jd++ ions, and hence 
CdS is precipitated from cyanide solution by hydrogen sulphide — a fact vtitised 
for detecting cadmium in j^^^esence of copper : 

K,[Cd(bNj ^ 2K+ + [Cd(CN)J"; [Cd(CN)J" Cd^-^+ 4CN'. 

Mercury 

Occurrence.— Atcroury sometimes occurs native, but its chief source is the 
one cinnabar, mercuric sulphide, HgS, found at Almaden (Spain), Idria (Yugo- 
slavia), Tuscany, and in smaller amounts in California, Texas, Mexico, Peru. 
China, Japan and India. The Almaden mine, worked since 415 B.C., is still 
I he chief producer. The Spanish ore contains only 7 per cent mercury; the 
American ore less than 1 per cent. 

ExtractioiL — Mercury is obtained by simply roasting cinnabar in 
air. The cinnabar is oxidised to mercuric oxide which decomposes at 
the temperature of the furnace, yielding mercury (b. p. 356*9®) which 
distils off: 


2HgS + 30, = 2HgO + 2SO, ; 2HgO = 2Hg + O,. 




Fig. 175 


The ore is roasted with charcoal (fuel) in a shaft furnace (fig. 174). 
The mixture of ore and charcoal is fed to the top of a shaft furnace ; 
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the mixture passes down a series of slopine; shelves in the shaft up 
which the hot gases from a fire-place are made to pass. The gases» 
leaving the furnace at the top, carry off the mercury in the form of 
vapour, and pass to a series of earthenware pipes having water- 
jackets for cooling, where the vapour of mercury is condensed to a 
liquid. The condensed liquid mercury is led in.to cisterns and bottled 
in iron flasks. 

Rich ores may be distilled in retorts with lime (fr iron filings : 0 

4HgS -f 4GaO 4Hg + 3CaS + CaSO, ; HgS -f Fe = FeS +Ug, 

Purification of mercury. — Merenrv »s purified by distillation over chalk or 
iron, to decoinpo.se compounds of mercury, >f any, and finally squeezing it 
through chamois leather. Commercial merenrv usually contains traces of baser 
metals such as zinc or lead, which oxidise in air, forming an oxide scum on the 
surface; it then leaves a tail of grey residue when run over a glass surface. 
In the laboratory it is purified ; (i) by filtering through chamois leather to 
remove the scum, (ii) by running it several times in a thin stream through a 
column of 5 p.c. nitric acid containing little mercurous nitrate in a glass tube 
(fig. 176), to dissolve out the baser metals, and (iii', finally distilling in vacuum. 

Properties of mercury. — (i) Mercury, also known as quick salver, 

is a silver-white liquid, which docs not tarnish in air when pure, and 
retains its lustre indefinitely. 

It is the heaviest liquid known at room temperature, wifk a very low vapour 
pressure. (less than 0*0002 mm. at 0°). 7/^ ra^your is monatomic and extremely 

poisonous, ^ 

(ii) Heated in air at about its boiling point for some days, mercury 

absorbs oxygen forming red mercuric* oxide» which is again decomposed 
above 500°. 2Hg + Og :^=:^ 2HgO. • 

(iii) It is not attacked by water, steam, alkalis, or non-oxidising 
acids (HCl or dilute HgSO^). It dissolves in hot concentrated sulphuric 
acid, giving off sulphur dioxide (p. 303). 

(iv) It dissolves in cold dilute nitric acid (p. 250). 

In presence of sulphuric acid mercury reduces nitric acid quantitatively to 
nitric oxide. The reaction is used to estimate nitric acid by Lunge’s nitrometer. 

6Hg+ 3H,SO, + 2HNO, = 3Hg,SO, + 4H,0 + 2NO. 

(v) Mercury is directly attacked by the halogens, sulphur, nitrogen 
dioxide, and ozone. It tails on e^sposurc to ozone^ duq to superficial 
oxidation to mercurous oxide. 

(vi) It dissolves many metals, forfning amalgams, but not the 
metals of the iron group, and hence it is commonly stored in iron 
bottles. 

Uses of mercury. — It is used in the construction of physical a'l)parafcus such 
as barometer, thermometer and vaenum pumps; in the preparation of mercurial 
drugs, vermilion, and mercury fulminate for detonator; in the extraction of 
gold and silver; in the mercury vapour lamp for ultraviolet radiations; in 
making amalgams — sodium and aluminium amalgams are used as reducing agents ; 
silver-amalgam is used in a dental filling; tin amalgam is used in coating 
mirrors. 

Compomids of Mercury 

Mercury forms two series of compounds, the mercuric compounds in which 
the metal is divalent, and the mercurous compounds containing the divalent group 
— Hg— Hg— in which the metal is apparently monovalent. 
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Mercufoiis oxide, HgO, is precipitated as a dark-grey powder by 
adding caustic soda to a solution of a mercurous salt: 

Hg2(NO,),+ 2NaOH == Hg20 + H 20 + 2 NaN 03 . 

It decomposes at 100° or on exposure to light into mercuric oxide 
and mercury: Hgj^O = HgO + Hg. 

Mercuric oxide, HgO. is prepared on a large scale as a red 
crystalline powder by hca'ring jo a moderate temperature a mixture of 
mercuric nitrate and mercury. Hg(N03)2 + Hg = 2HgO-f SNOg, 

It is precipitated as a yellow powder by adding caustic soda to a 
solution of mercuric chloride: HgCl2+2NaOH = Hg0+H20 + 2NaCl. 

It is a basic oxide, soluble in acids, but insoluble in water. It 
readily dissolves in potassium iodide solution giving an alkaline solution : 

Hg0 + H20 + 4KI = 2KOH + K,,[HgIJ. 

It dissociates into its elements on heating above 500°. 

2Hg0^2Hg + Og. 

Mercurous carbonate, is precipitated as a yellow powder bv 

adding potassium bicarbonate to mercurous nitrate solution." It decomposes a\ 
130“ or on exposure to light. Hg^COa = HgO + Hg + COg. 

Mercuric carbonate, known only as a basic salt, is obtained as a brown 
precipitate of HgCO,, 2HgO, by adding potassium carbonate to mercuric nitrate 
solution : KHCO 3 gives a brown precipitate of HgCO^, 3HgO. 

Mercurous chloride, calouiei, Is prepared by heating an 

intimate mixture of: (i) nicrciuic chloride and mercury: 
HgClo + Hg = HgjCla; (ii) mercuric sulphate, mercury and common 
salt, in an iron pot: HgSO^ + 2NaCl + Hg = NaoSO^^-HgsCla. 

Mercurous chloride sublimes on to the lid ; the crust of the 
sublimate is collected, ground to powder, and boiled with water to 
completely remove any adhering mercuric chloride. 

It is obtained as a white precipitate by adding dilute hydrochloric 
acid to mercurous nitrate solution. 

Hgo(N 03 ),H- 2 HCl = Hg 2 CL+ 2 HN 03 . 

It is a white amorphous powder, almost insoluble in water 
(about 0-4 mgm. per litre at 20°) and in dilute acids. 

It dissolves in aqua regia, forming mercuric chloride. 
Hg2Cl2 + 2Cl ^ 2HgCl2, and also to some extent in hot concentrated 
hydrochloric acid with the deposition of mercury. 

Hg2Cl2+2HCl = Hg+H2(HgCl),,‘ 

h blackens with ammonia— the black mass is a mixture of metallic 
mercury and infusible white precipitate of aminomercuric chloride: 

Hg2Cl2+2NH3 = Hg(NH2)Cl+Hg+NH,Cl. 

Calomel vapour contains mercury and mercuric chloride due to thermal 
dissociation IlgaCl, Hg + HgClj— perfectly dry calomel, however, sublimes 
unchanged on heating. 

It is used in medicine as a purgative; and in making calomel electrode. 
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Mercuric chloride^ corrosive sublimate, is obtained by 

heating a dry mixture of equal weights of mercuric sulphate and 
common salt with a little manganese dioxide (being added as an 
oxidising agent to prevent the formation of mercurous chloride) in a 
long-necked flask on a sand bath. The mercuric chloride sublimes on 
to the cooler upper parts of the flask. The cake of the sublimate is 
removed, and the mercuric chloride is purified by rccrystallisation from 
hot water: HgS 04 + 2 NaCl = NagSO^-i-HgCljj. ,lt may also be obtairiccj^ 
by heating mercury in chlorine: Hg + Clo = HgCU. 

It forms colourless needles, m. p, 227®, sparingly soluble in cold 
but freely in hot water. It also dissolves readily in alcohol and ether. 

It reacts with boiling solution of ammonia, giving the infusible 
white precipitate, which is hydrolysed by digestion with water, yielding 
chloride of Millon^s base, 

HgCl3+2NH, - Hg(NHjCl f NH,C1 
H,N-Hg-Cl + H-0-H+Ha\-Hg-Cl - H,N-Hg-0-Hg-Cl4-NH,Cl. 

Mercuric chloride reacts with gaseous arninoiiiu, yielding the white, fusible 
jfi'Cii'qntatey HgClj, 2 NH<,. 

It is reduced by stannous chloride to mercurous chloride and 
finally to grey metallic mercury. 

2 HgCl 2 -t-SnCl^ = HgaCh + SnCl, : Hg.CL -f- SiiCl^ 2Hg -f SiiCl,. 

It reacts with potassium iodide^ in an aqueous solution, giving 
a yellow precipitate (which rapidly turns red) of mercuric iodide, soluble . 
in excess of potassium iodide solution, forming potassium mercuric 
iodide. HgCl^ 4- 2KI = 2KC1 4 - Hgl, ; Hgl. 4- 2KI = KJigI,. 

Nessler's reagent is a solution of iiotassiuni mercuric iodide made strongly 
alkalino with caustic potash. It produces a yellow solution of iodide of Millun's 
base, ll^N-Hg-O-Hg-l, with a trace of ammonia or ammonium salts; the loagent 
gives a brown precipitate with excess of ammonia. 

Mercuric chloride is very poisonous, the fatal dose being 
02— ()‘4 gm., the antidote is the raw wdiite of an egg, which is 
coagulated, followed by emetic. 

Jt is used .as an antiseptic — 1 * 1 % solution is used in sterilising hands and 
.surgical instruments ; in preserving skins, as a baetrieide. 

Mercurous nitrate, Hg2(N0„)2, is prepartM in solution by the action of 
cold dilute nitric acid of sp. gr. ri 4 upon an excess of mercury; the solution 
deposiU colourless crystals of the dihydrale, lIg2(N03)„2H20. It»is soluble in 
water containing nitric acid, but with pure water it forms an insoluble white 
basic nitrate. It decomposes on heating thus : HgaiNO,), — 2 HgO -f* 2NO2. 

Mercuric nitrate, Hg(NO.,) ,. is prepared by dissolving Vercury or mercuric 
oxide in hot concentrated nitric acid, or by heating mercurous nitrate with nitric 
acid ; it separate from solutions in colourless deliquescent crystals of the 
monohydrate, HglNOj),, H^O. 

It is decomposed by water, forming an insoluble white basic nitrate, which 
on heating, finally yields mercuric oxide. It is, therefore, dissolved in dilute nitric 
acid. 

Mercurous sulphate, Hg^SO^, is prepared by heating excess of mercury Miith 
concentrated sulphuric acid, and deposited as white crystalline powder by diluting 
the acid solution with water, since it is sparingly soluble in water, but readily 
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fioluhle iji concentrated sulphuric acid. It is hydrolysed by water to a basic 
sulphate. It is used as a depolariser in the standard Weston cell. 

Mercuric sulphatey HgSO^, is prepared by boiling mercury with one and a 
half times its weight of concentrated sulphuric acid, it crystallises from the 
strong acid solution in silvery plates. Hg + 2HjS04 = HgSO^ + 2H3O + SOj. 

It is hydrolysed by water, forming an insoluble lemon-coloured basic sulphate. 

Mercuric sulphide, HgS, occurs in nature as cinnabar. It is 
obtained by triturating ^ mercury and sulphur with a little caustic 
potash solution. The black mass of mercuric sulphide produced is. 
heated to about 50° with the addition of a little more alkali, when it 
slowly become red and crystalline. The product is washed with water 
and dried. Hg+S = HgS. 

If H3S is passed through a solution of a mercuric salt, at first a white, then 
yellow, brown, and finally a black precipitate of morcuri? sulphide, HgS, is 
formed — the white precipitate of HgCl,, 2HgS is decomposed by H2S. 

3HgCl, -f 2H2S = HgCh,2HgS + 4HC1 : HgCl„2HgS + H^S - 5HgS + 2HC1 
The black precipitate becomes red on sublimation. 

It is insoluble in water, in yellow ammonium sulphide, in boiling hydrochloric 
or dilute nitric acid, but readily dissolves in aqua regia, and in potassium and 
sodium sulphide solutions. 

It is used as the red pigment vtmi%llion\ in medicine as ^mxiharadhwaja*. 

Detection of jiiercury. — All mercury compounds, on being heated with an 
excess of sodium carbonate or soda lime in a bulb-tube, deposit a shining mirror 
of metallic mercury. 2HgCl3 -f 2NajC02 = 2Hg + 4NaCl + 200* + 0,, 

If a piece of bright copper foil is immersed into a soluUon of a mercury salt, 
it becomes coated with a dull film of mercury which becomes bright and silvery 
on rubbing. HgCl, -f Cu = CuClj + Hg. 

The mercurous and mercuric salts in solution are distinguished as follows : 


Reagents 

Mercurous salt 

Mercuric salt 

(i) Dilute HCl 

(ii) H,S 

(iii) SnCl, solution 
(iv| KI solution 
(v) NaOH solution 

(vi) NH,OH 

White ppt. of Hg^Cl, 
Black ppt. HgS 4- Hg 

Orey ppt. of Hg 

Green ppt. of Hg*!, 

Black ppt. of HgjO 

Black precipitate 

No precipitate 

White, then yellow, 
browm, and finally black 
ppt, of HgS 
i White to grey ppt. 

Scarlet ppt. of Hgl^ 

Yellow ppt. of HgO 

White precipitate 

* 

Exeicises 



1. ‘^at are the chief sources of magnesium, and how is the metal extracted ? 
Discuss its chemical relationship with calcium and zinc. Describe the preparation 
and uses of : anhydrous magnesium chloride, magnesium sulphate, magnesium 
oxide. 

2. How does calcium occur in nature ? Mention at least three compounds 

of calcium of commerci^ importance. Outline the preparation of : calcium, quick 
lime, calcium hydride, calcium carbide, plaster of Paris, and describe the action 
of water upon each of these substances. Cdentta *44. 

""3. Name the chief ores of zinc. How is the metal extracted and purified ? 
What is the important by-product obtained daring the metallurgical operation? 
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Describe the action of nitric acid, and caustic soda upon zinc. Slate the uses 
of the metal and its alloys. How is zinc detected? 

4. How does mercury occur in nature, and how is it extracted from the 

native sulphide? Describe the preparation of pure mercury from a commercial 
specimen. Starting from metallic mercury, how would you prepare : mercurous 
nitrate, mercurous chloriife, mercuric chloride? How would you distinguish 
between mercurous and mercuric compounds? Pvnjab *45. 

5. Describe the preparation of chlorides of mercury. How can these salts 
be distinguished from one another and from silver chloride? How would#you 
detect the presence of mercuric chloride in a specimen of mercurous chloride, 
and remove this impurity if present? Describe the action of caustic soda and 
ammonia on mercurous and mercuric salts. 

6. Describe what happens when : (a) a mixture of magnesium oxide and 
coke is heated in chlorine, (b) the hexahydrate of magnesium chloride is heated, 
(c) precipitat-ed magnesium hydroxide is shaken with ammonium chloride, (d) 
carbon dioxide is passed into a suspension of chalk in water, (e) calcium is 
heated in hydrogen, (f) caustic soda is gradually added to a solution of zinc 
sulphate, (g) zinc dust is added to a solution of silver nitrate, (h) calcium oxide 
is strongly heated in chlorine, (i) mercuric chloride is strongly heated with exerss 
of soda time, (j) mercuric sulphate is heated with mercury and common salt, 
(k) stannous chloride solution is added to mercuric chloride solution, (1) ammonia 
is added to calomel. 

7. Give the preparation and uses of plaster of Paris, quick lime, anhydrous 
magnesium chloride, zinc white, white vitriol, Uthopone, calomel, and corrosive 
sublimate. How would yon show that calomel contains mercury? 

'8. Compare Ihe physical and chemical properties of the elements Mg, Ca and 
Zn, illustnafing your answer with reference to their oxides, hydroxides and 
carbonates. Calcvtta *66. 

9. How would you prepare (i) ailhydroiis magnesium chloride, (ii) magne- 
sium sulphate, and (lii) magnesium carbonate, starting from native magnesite I 

XXX 
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Aluminium, along with boron, is placed in group HI of the periodic table. 



At. no. 

At. wt. 

Density 

At. vol. 

M.p. 

B.p. 

Boron 

5 

10-82 

2-34 

4-62 

2300° 

2550° 

Aluminium 

13 

26-97 

2-70 

10-00 

659-8° 

>2220° 


Occurrence, etc. — Aluminium is not found native, but its compounds are 
widely distributed in nature. It occurs to the extent of 8% in earth’s crust 
ill many silicate rocks and clays. Importaift aluminium minerals are as : 

(i) silicates : feUjtar, K^O.Al^O, 6SiO„ and kaolin (china clay), Al^O,, 
28103. 2H3O ; also micas, garnet and taurmaline, 

(ii) oxides : Tlie oxide Al^Oa is found anhydrous as corundfim and emery or 
hydrated as diaspore, AI3O3. H3O ; bauxite, ALO,. 2H,0 ; gibbsite, Al^Oj. SH^O. 
The precious stones valued as gems, e.g,, ruby (red), amethyst (violet), sapphire 
(blue), topaz (yellow), and emerald (green), consist of aluminium oxide coloured 
by traces of oxides of Fe, Co, Cr, Mn and Ti. 

(ill) fivoride : cryolite, AIF^. 3NaF ; it is found in Greenland only 

(iv) phosphate : tvrguoise, AlPO^. A1(0H)3. H^O, coloured blue by the 
presence of copper phosphate. 

Other minerals are spinel, MgO. Al.C^ ; chrysoberuL BeO. ALO, ; alunite 
K3S0,.A13(S0J3.4A1(0H)3. ’ 

Clay is formed by the disintegration of ortho eJlase or {potash) felspar which 
is a constituent of granite rocks, due to the weathering action of water and 
carbon dioxide. 

28 
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K,0. Al^O,. 6SiO, + 2H,0 + CO, = K,CO, + A1,0,. 2SiO,. 2H,0 + 4SiO,. 

Pure clay or kaolin (china clay) is white and consists of hydrated aluminium 
silicate^ Al^O,. 2SiO,. 2HgO, but most clays are coloured due to presence of ferric 
oxide and other impurities. 

Aluminium is manufactured from bauxite, AlgO,, 211,0. Important deposits 
of bauxite are found in the south of France^ South America, Ireland and u.S.A. 
Bauxite occurs in India in Katni, Belgaum, KohJapur, Ranchi, Bombay, Madras, 
and Bhopal, otc. Aluminium is extracted from bauxite by Aluminium Corpora- 
tion^ of India, near Asansol in ^Bengal, and by Indian Aluminium Company at 
Alwaye in Travancore. No cheap method is available to extract the metal from 
clay. Analysis of few samples of bauxite : 



SiO, 

TiO, 

A1,0, 

FejO. 

H.0 


1*2 

8-8 

60*2 

2-6 

25-4 

Ranchi 

0*3 

7*4 

66*9 

5*9 

21*4 


Extraction. — Aluminium was first isolated is 1827 by Wohler by the action 
of potassium upon aluminium chloride. Aluminium was formerly obtained by 
converting alumina into chloride by heating with charcoal in chlorine, and then 
reducing sodium aluminium chloride with sodium : 

Al^O, -H 3C + 3C1, = 2A1C1, + SCO ; NaAlCl, -f 3Na = 4NaCl + Al. 

The metal is now exclusively obtained from bauxite by an electrolytic 
process simultaneously discovered in 1886 by Hall in America and Heroult in 
France. 

Crude bauxite contains the impurities iron oxide and silica which 
must be removed before electrolysis, otherwise the resulting aluminium 
contains iron and silicon, and is readily corroded by water. Hence 
the manufacture of aluminium consists of two steps: "*(a) purification^ 
of "the bauxite, ^d (b) electrolysis of purified bauxite, 

(a) Purification of the bauxite: Bayer’s processL^-^^e calcined 
bauxite is finely ground, and then digested with a strong (sp. gr. 1’45) 
solution of caustic soda in ah autoclave under lbs. pressure at 150" ' 
for 2 to 8 hours when aluminium oxide goes inm’^sfliu'Tioh as sodium 
alumihatc! the iron oxide remaining undissolved. When the digestion 
is complete, the hot^ sodium aluminate solution is filtered from the 
insoluble oxide of iron and other impurities {red mud). The solution 
is then diluted , slowly cooled and agitated for several hours with freshly 
precipita\c^ h ydrated alumma , whoi the sodium aluminate underTOes 
njSxpIysir^ and hydrated alum ina (/S-alumina) is precipitated! iTie 
precipitate is filtered, washed and calcined tp pure alumina (^1^*55 per 
cent) in a rotary kiln at 11(X)"C. 

Al303 + 2Na0H=2NaA102-f.H30‘; ' 

2Na AlO, + 4H.O ^ 2Al(OH)3 + 2NaOH ; 2Al(OH)3 = Al^O, + SHfi. ^ 

The filtrate contains caustic soda; it is concentrated by evaporation and used 
again for digestion of a ^resh charge. 

Jkmxite with high silica content cannot he treated by Bayer's yrocesSf since 
much aluminium is lost duo to the formation of insoluble sodium aluminium 
silicate. Bayer’s process is best adapted to bauxite contaiuing 55 to 60% A1,0„ 
and relatively low in silica (below 7% SiO,) content. 

In the old process the bauxite is heated to bright redness with sodium 
cau’bonate, and the mass is readily lixiviated with vrater — the resulting sodium 
aluniinate and sodium silicate dissolve, ferric oxide ‘ remaining insoluble. 
Aluminium hydroxide is precipitated, from the solution by carbon dioxide at 
60® to 60®, and is ignited to the oxide. A1,0, + Na,C0, = 2NaAlO, + C0,j 
. . 2NaA10, + 3H,0 + CO, = Na,CO, + 2A1(0H), 
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Bauxite may also be purified by heating with coke ab 1800® in a current of 
nitrogen (obsolete Serp^’s procen)— the resulting aluminium nitride being 
decomposed by hot water, yielding ammonia and aluminium hydroxide which is 
ignited to the alumina. 


A1,0, -h 3C + N, = ^IN + 3C0 ; AIN + 3H0H = NH, + Al(OH), 

(b) Electrolyids of aloi^a. — Aluminium is obtained by jhe 
elearolysis of the pure alumina (20 parts) dissolved in a bath of fused 


cryolite (60 parts) and 
i fluorspar (20 parts)— the 
melt ■ at 950°Q 
the passage of curren t 
supplying suflicient beat 
t o maintain the required 
temperature^ The elec- 
trolysis IS Tarried oujt in 
an iron tank (fig. i76) 
lined with blocks of car- 
bon which ^ forms 3 iq 



NlVtCC^liy of 


L 

<8 


bon winch torms the.,,. . t-- • 0i . 

c5t£ode-the anode is 

sM^hard caJBra flow- . 


(low 

ash petroleum coke) rods A suspended in the tank from copper clamps. 
During electrolysis aluminium (m.p. 669*) i s liberated at the cathode 
and collects in the liquid state on the floor^ ot the cell wtience It is 
ta pped out f oxygen is evolved at the anode which is burnt away to 
Carbon monoxide— hence the charge is covered with a layer of coke 
to minimise the oxidation of the expensive anodes. • 


Ala03^2Al++++30" 

2Al+++ + 6e=2Al (at cathode); 30" = 30 (at anode)+6c 

Fresh alumina is added at intervals to supply that decomposed. When 
the supply of alumina in the bath gets exhausted the voltage suddenly 
jumps horn 5 to 0 volts up to 40 or 60 volts (this is known as the anodic 
effect), there being an increase in the resistance of the bath. When the 
anode effect occurs an electric lamp connected across the terminals of 
the cells which normally glows dimly, becomes very bright. This acts 
as a signal for the supply of fresh alumina into the bath. The voltage 
used is 5—6 volts and the energy consumption is 10 K.W.H. per lb. 

Cryolite acts as a flux in the process — its only source is Greenland. Synthetic 
cryolitre, free from silica, is made for use Ih the aluminium extraction by the 
reaction. c 



AIF, + SNH.t’ + 3NaNO, 

= AiP.,5NaP«l- 3 NH.no, 

(c) *RcfiiiiiiB; — ^The alnmi- 
nium produced has a purity of 
its chief impurities lleing 
iron and silicon. The met^ 
is refined electrolytically by 
Hqope’s process. The electro- 
lytic cell contains three liquid 
layers of different densiues,' 
Pure molten aluminium cathode 
at the top, liquid crude 


Fig. 177 

«»» vuo wp, iiquia emoe 
aluminium-copper alloy anode at the bottom, with a layipr of molten miztuie of 

' I . ^ — ^ 1&i 


■ . 3 « 1 F ;r Jf , 
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jcryolite, aluminium fluoride, barium fluoride and alumina electrolyte in between 
(fig. 177). In course of electrolysis aluminium dissolves out from tbe anode, and 
is deposited at the cathode— the refined Ai has a purity of 99*99%. 

Propertiefl of almniniuiii. — (i) Aluminium is an extremely light 
(density 2*70), silver white metal, suifficiently ipalleable and ductile to 
be rolled into foil or drawn into wire. It has a high tensile strength 
and a good thermal and electrical conductivity. 

(ii) It is coated with ^ protective film of aluminium oxide when 
exposed to air, and hence does not readily tarnish in air. 

But corrosion occurs if the film is broken by amalgamation with mercury (by 
rubbing the surface with mercury or mercuric chloride). 

Aluminium foil or powder burns in air wi.th a bright flame when 
strongly heated, forming the oxide as well as the nitride. 

4Al+30a=2AlA ; 2Al + Na=2AlN. 

(iii) Aluminium is not attacked by pure water owing to the pro- 
tective oxide film on the surface ; sea water or saline solutions readily 
attack it. Amalgamated aluminium decomposes water even in the 
cold. 2 ai+ 6H9 h= 2 ai(oh) 3+3H^. 

(iy) It readily dissolves in hydrochloric acid. But it is scarcely 
attacked a.t all either by dilute sulphuric acid or by dilute or con en- 
ixated nitric acid. *Hot concentrated sulphuric acid dissolves aluminium, 
yielding sulphur dioxide. 

2Ai + 6HC1 = 2AICI3 + 3H3 ; 2A1 + 6H3SO, = Al2(SO J3 + 6H3O. 

Aluminium is corroded by organic aci^ds, most rapidly when the acid is diluted 
Of anhydrous. *’ 

(v) It readily dissolves in hot caustic soda or po.tash solution^ 
forming aluminate : 2A1 + 2N aOH + 2H3O = 2N a AlO^ + SH^. 

(vi) It combines directly, when heated with nitrogen, chlorine, sulphur, and 
carbon, forming the nitride AIN, chloride, AICI 3 , sulphide, Al^Sj, and carbide, 
AI 4 C 3 , respectively. 

(vii) Aluminium has a strong 
affinity for oxygen at and above 
1000“, and the great evolution of 
heat resulting from its combination: 
with oxygen is utilised in Goldsch- 
midt’fl thennit or aluminothemiic 
process for reducing metallic oxides 
(e.g., MnOg and Cr^O^) and for the 
preparation of molten metals in situ, 
e,g,, molten iron for welding rails 
and machine parts. Thermite is a 
mixture of aluminium powder and 
iron oxide. A mixture or alum'nium 
filings (1 part) and iron oxide (8 
parts) is ignited in a crucible by a 
fuse of magnesium, when a violent 
reaction occurs, producing molten 
iron at a temperature of about 2.500®. The liquid iron is tapped 
from below directly on to the joint to be welded (fig. 178). 

FeP,+2Al = 2Fe+Al,0, + 199,060 calories. 



Fig. 178 
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Uses of aluminium.-* (i) On account of ita lightness and fair tensile strength, 
aluminium is used in making body of air-ships and motor cars; for the same 
reasons it is used for making alloys. 


Alloy 

• 

Composition 

Uses 

fi) Magnalium 

A1 98 Mg 2 

Cheap balance, machilbed 
articles — the alloy can 
be worked on lathe. 

fii) Duralumin 

Al 95 Cu 4 Mg 06 Mn 05 

Construction for aircrafts 

Y— alloy 

A1 92*6 Cu 4 Mg 1*6 Ni 2 

—the alloys are light, 
tough and resist cor- 
rosion. 

<iii) Aluminium 
bronze 

Al 10 Cu 90 

Coins, utensils, photo* 
frames. 

(iv) AJclad | 

Duralumin covered with a thin 
coating of Al 

For making sea planes — 
the alloy resist corrosion 
by sea water. 

(iv) Alnico 

Steel 50 Al 20 Ni 20 Co 10 

For making peimanent 
magnets. 


(i) On account of its good electrical conductivity (60%* of that of an equal 
volume of copper, or 2G0% of that of a copper conductor of equal weight) it finds 
use in transnussioii wires, (iii) On account of its good thermal conductivity, it 
is used in making cooking utemils, (iv) Since it resists corrosion, it is used as 
alvnuniuni paint — aluminti/m powder, produced by stamping thin aluminium sheet 
in oil, is used as the paint. Aluminium foils are used in wrappirfg cigarettes, ejc. 
(v) Due to its great affinity for oxygen, aluminium is used in mermite — ^utilised 
in welding rails and machine parts, in incendiary bombs, and in the preparation 
of chromium and manganese and also as a reducing agent. Ammonal, a mixture 
of ammonium nitrate and aluminium powder, is used in explosive bombs. 
Aluminium powder finds use in fire-works. 

Calorising is a process for the siirLice impregnation of iron, steel, copper, 
nickel, brass etc., with aluminium and is effected by heating the subject metal 
to about 1000^ C with a mixture of finely divided aluminium and aluminium oxide 
in a reducing atmosphere of hydrogen — a thin outer coating of aluminium oxide 
forms the protective surface. Calorised non-ferrous metals and alloys, such as 
copper, nickel and brass, are resistent to oxidation at high temperatures or to 
i*cid liquors. 

Steel is beinjr now largely displaced by the li^ht aluminium alloys which find 
modern uses in aircraft, machinery, and metal articles of all kinds. " 


Compounds of Aluminium 


Aluminium oxide, alumina, occurs naturally as (i) colourless 

crystals in corundum — emery is an* impure opaque variety ; nealy hard 
as diamond they arc used in -polishing and grinmitt|; and (ii) as coloured 
stones (p. 433). 

Artificial gems are produced by dropping powdei^^alumina mixed with a 
little of other metallic oxides to obtain the desired cSbur (e.g. 2*5% chromic 
oxide for artificial ruby) through the centre of an oxyhydrogen flame and catching 
the fused mass on a rod of alumina. 


Sapphire is similarly made from alumina with addition of a little magnetic 
iron oxide and titanium dioxide. 

■ The mineral bauxite is valuable as a source of alumina and aluminium. 
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Pure alumina may be made by igniting aluminium hydroxide, aluminium 
flulphaie or ammonium alum. An extremely infusible white powder, usually 
soluble in acids it becomes insoluble in acids after ignition above 850^. Ignfted 
alumina is brought into solution as aluminate by fusion with an alkali. Alumina 
is an amphoteric oxide. Aluminium oxide is not reduced by hydrogen or carbon. 

A 1,03 + 2NaOH 2 NaA 103 + H.O. 

Artificial corundum, known as alundum, is used as a basic refractory and 
abrasive. It is made by fusing bauxite with coke (3 percent) and iron 2 per 
cent) in an arc furnace at 3000°, when the impurities are reduced and settle at 
the bottom as ferro-silicon alloy — the upper layer being fused alumina which is 
cooled and crushed. 

Alaminiuiii hydroxide, Al(OH)3, is thrown down as a white 
gelatinous mass from a hot solution of aluminium salts by ammonia 
even in presence of ammonium chloride: 

Al 2 (SO J 3 + CNH^H = 2 A 1 ( 0 H )3 -f 3(NH,)2SO^. 

An amphoteric hydroxide, it readily dissolves in acids to form 
salts, and also in alkalis, caustic soda or potash, forming aluminates 
which are, however, largely hydrolysed. 

A1(0H)3 +NaOH ^ NaAlO^ + 2H3O. 

Precipitated alumiViium hydroxide readily carries down by adsorption colloidal 
substances and colouring matters, and hence the use of alum and aluminium salts ; 
(i) in the clarification of water and sewage liquids ; (ii) in waterproofing of fabrics ; 
and (iii) in dyeing as mordants. 

Partly dehydrated (at 200° — ^250®) aluminium hydroxide, called alumina gel, 
is ^ used as a drying agent and as an adsorbent (e.g. in chromatogtafphic analysis). 

Aluminium hydroxide is precipitated from its salt solutions by 
sodium carbonate; 


Al,(S0j3 + 3Na^C03 + 3Hp = 2Al(0H)3 + 3Na3S0^ + 3C03. 


As alurmna is a very weak base, no alumintum carbonate is knenvn. 


Alaminium chloride, AICI3, is prepared by dissolving the metal 
or hydroxide in hydrochloric acid and may be crystallised out from the 

solution as the hexa 
hydrate AICI3 ,6HaO. 
The hydrate is hydro- 
Ivsed to alumina on 
heating: 2(AlCl3, 6HaO) 
A\fi,+mc\+mp. 
Anhydrous alumini- 
um chloride is obtain- 
ed : (i) by strongly 

heating to 1600® C a 
179 mixture of alumina and 

coke in a current of 

chlorine — the aluminium chloride being volatalised and condensed. 
Aip, +3C + 3Cla= 2AICI3 + SCO. 



(ii) by passing dry^ chlorine or hydrogen chloride (dried by con- 
jpentrated sulphuric acid) over heated aluminium turnings in a hard 
glass tube (ng. 179) ; anhydrous aluminium chloride sublimes and 
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collects in a bQjtle, which is tightly corked at the end of the 
experiment to exclude moisture. 

2Al + 3CL,=2Aia3 ; 2Al+6HCl=2AiCl3 -f 3Ha. 

Anhydrous aluminium chloride is a white, crystalline, extremely 
deliquescent substance which fumes in moist ah and sublimes without 
fusion at 183 ®. It is soluble in water, the solution is acid due to 
hydrolysis : AICI3 + 3 HOH ^ Al(OH)3 -i| 3 HCl. 

Its vapour density up to 400® corresponds lo Uio formula Al^C^ ; dissociation, 
to AICI 3 begins above 400° and is complete at 900®. 

Aluminium nitrate, A1(N03)3, 9H2O, is obtained by mixing solutions of 
aluminium sulphate and lead nitrate, filtering, and concentrating the filtrate to 
crystallisation. 

Alumuiiuni sulphate^ Al2(SO^)3, is made by dissolving alumina in 
hot concentrated sulphuric acid ; ill-defined crystals of aluminium 
sulphate, Al2(SOJ3, ISH^O, are deposited on cooling the solution. 
They are recrystalliscd from water containing alcohol. 

AI2O3 + 3 H 3 S 0 ^= A 12 {S 0 J 3 + 3 H 20 . 

Crude aluminium sulphate containing ferric sulphate (which cannot bo 
separated by crystallisation) is made by digesting bauxite with 62% sulphuric 
acid — the solution is evaporated to a solid, called alumino^-ferric, largely used in 
purifying water and sewage. 

Aluminium sulphate may however, be crystallised after reducing 
the ferric sulphate to the ferrous state by sodium sulphide. 

Crude aluminium sulphate is also made by digesting cl}ina clay (kaolin) 
with concentrated sulphuric acid. • 

Al^O,, 2SiO„ 2H3O (kaolin) + SH^SO, = A1,(S0J, + SSiO, + 6H,0. 

A colourless, crystalline solid, it is soluble in water — ^the solution 
is acid due to hydrolysis. Al2(SO J3 + GHjO 2Al(OH)3 + BHaSO^. 
It forms an important series of double salts, known as alums. The 
hydrate forms the anhydrous salt on gentle heating, but at a red heat 
it decomposes into alumina, sulphur dioxide, and oxygen. 

2 Al 2 {SO J3 = 2AI2O3 + 6SO3 + SOy 

It is used as a mordant in dyeing and calico-printing ; in the sizing of paper; 
in purifying sewage and water; in ‘foam* fire extinguishers; in tanning kid 
leather. * 

Alums. — The name alum was ;gven originally to the double-salt, 
potassium aluminium sulphate, K^SO^, Al3(S04)3, 24H2O. But the 
name alum is now given to all double salts, of the type 
M3SO4, 1^2(804)3, 24H2O, where M is a monovalent metal and R a 
trivalcnt metal M may be Na, K, Rb, Cs or Ntl^ ; R may be 

Fe, Al, Cr, Mn, or Co. The alums are isbmorphous and form . 
octahedral crystals. Examples are: 

Potash or common alum ... KjSO^, AKSOJ,, 24H3O. 

Ferric ammonium alum (NHJ3SO4, Fe3(S04)3, 24H3O. 

Chrome alum ... ... KjSO^, Cr3(SOj3, 24H3O. 

Ammonia alum ... ... (NH4)3SO^, Al3(SO^)3, 24H^O. 

Potash alum, K2S04,Al2(S04)3,24H20, deposits in colourless 
octahedral crystals when a hot solution containing equimoleculhr 
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quantities of potassium and aluminium sulphates is set aside to 
crystallise. 

Alum is made commercially from: (i) Bauxite — ^Bauxite is pound 
to powder and then digested at steam heat with 62 per cent sulphuric 
acid in a lead-lined steel tank fitted with steam '“coils and then treated 
with barium sulphide to reduce the ferric sulphate to the ferrous state 
— the clear aluminium sulphate solution is cither decanted or fi.tered, 
after settling, and then mixed with the correct amount of potassium 
sulphate. The mixed solution on concentration and cooling yields 
alum crystals. It may be purified by rccrystallisaiion and obtained 
completely free from iron. A1 ,0, + 3HjjSO^ = A\^{SO^)^ -h 3HaO. 

(ii) Alunite or alum stone, K2SO^,Al3(SO^)3,4Al(OH)3 — the alunite 
is calcined and then digested with sulphuric acid to convert the alumina 
to aluminium sulphate. Required amount of potassium sulphate is 
then added to the solution and the alum is allowed to crystallise. 

Formerly alum was obtaiaed by simply calcining alunite in air, leacliing with 
water, and crystallising — as so made it is .‘ailed Roman alum. 

(iii) Alum shale which is aluminium silicate containing iron pyrites, FeS,. 
The ‘shale is roasted in heaps, when tht3 oxidation of the pyrites gives ferrous 
sulphate and suli»huric acid, which converts aluminium silicate to aluminium 
sulphate. The roasted ^mass is extracted with water; requisite quantity of potas- 
sium chloride is added to the extract and the solution is crystallised for alum. 

Potash alum forms colourless octahedral crystals having an 
astringent taste. It dissolves in water, and melts at 92®. It loses all 
its water of crystallisation at 200®, -leaving a residue of anhydrous 
sulphate, known as burnt alum. 

Alum is used as ‘styptic’ to stop bleeding from small cuts. Alum 
is put to the same uses as aluminium sulphate {vide supra). 

Ammonium alum, ,241120, deposits from solution as 

colourless octahedral crysUl.-^, m.p. 95°. It leaves a residue of pure alumina 
on ignition. 

(NH,)2S0„ AL(S0J3, 24 H 2 O 2NH, + + Al^O, + 

Ultramarine. — Tbe deep blue mineral lapis lazuli is sodium aluminium silicate 
containing sulphur — the artificial form is uUrainarine. Kaolin, soda ash or sodium 
sulphate, sulphur, wood charcoal or resin are taken in a closed crucible and 
heated to redness in absence of air when white ultramarine results — blue ultra- 
marine of commerce is obtained by heating the white product witli powdered 
sulphur in air. It is not attacked by soap or soda and hence its use in launder- 
ing. It is largely used in white washing walls and in sugar refinery. It is 
decomposed by acids with evolution of hydrogen sulphide. 

Aluminium sulphide* A US,, Is m.ade bv direct union of its elements. It is 
completely hydrolysed by water : AljS, + 6HOH = 2Al(0H)a + 3H,S, 

Hence only aluminium hydroxide is precipitated on adding ammonium suphide 
to a solution of aluminium salt. 

Ala(SOj 3 + 3NH,HS -f 6 H 2 O - 3NH,HS0, + 2Al(OH)3 - 1 - SH^S. 

l>etection of aluminium. — (i) Aluminium compounds, mixed with sodium 
carbonate and heated on charcoal in a blow pipe flame, yields a white, incandescent 
mass, which on being moistened with cobalt nitrate and heated again, turns blue 
(Thenard's blue), (ii) Ammonium hydroxide, when added to a solution 
aluminium salt, gives a white gelatinous precipitate of ^ aluminium hydroxiiw, 
even in presence of ammonium chloride ; the precipitate dissolves in caustic soda 
or potash forming aluminate, anH is reprecipitated by heating with ammonium 

' NaAlO, + NH.Ol + H.O = Al(OH). + NH, + NaCl. 
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Tin and lead belong to group IVB in the periodic classification. Tin closely 
resembles lead — ^both are h^avy, lustrous metals of low melting point, but they 
differ in that the most stannic compounds are more stable than stannous com- 
pounds. While the reverse is usually true for lead compounds. Thus stannous 
chloride is a reducing agent and is readily oxidised in air ; the plumbous chloride 
is not a reducing agent and may bo made frdln plumbic chloride by heat; 
PbCI^ = PbClj -H Cljj. Also the plumbous oxide, PbO, is more basic than stan- 
nous oxide, SnO. The table shows the properties of tin and lead. 


Physical 

properties 


Chemical 

properties 


Oxides 


Hydride 

Chloride 


Sulphide 


Tin 


Lead 


At. no. 50; Density 7*5; 
J\f.p. 232*C. 

At. wt. 118*7; At. vol. 16*3; 
B.p. 2260*C. 

Malleable and conductor of 
electricity ; exhibits allo- 
tropy; valency 2 and 4. 

Ciitarnished in air; burns to 
SiiOj, ; Slowly soluble in 
dilute H(U ; easily soluble 
in cone. HCl and dilute 
HNOj,. Cone. HNO, gives 
metastannic .acid. ^ 

SnO amphoteric, 

SnO. amphoteric, not an oxi- 
dising agent. 


»SnH, (slaiinane), gaseous. 

SnCL, a white salt, readily 
hydrolysed by water; a re- 
tliioing agent, readily oxi- 

I discs in air. 

SnCl,, a fuming colourless 

I liquid, readily hydrolysed 
bv water. 

SnS brown; SnS^ yellow — 
both precipitate in aci^ solu- 
tion ; soluble in yellow 
ammonium sulphide. 


At. no. 82; Density 11*34; 
M.p. 327*4* C. 

At. wt. 207*21; At. vol. 10*27; 
B.p. 1620*C. 

Malleable and conductor of 
electricity ; marks 'pa'pc.t; 
valency 2 and 4. 

Tarnishes in air ; bums to 
PbO mtiinly. 

Insoluble in dilute HCl ; slowly 
soluble in hot cone. HCl, but 
readily in dilute HNO.,; 
scarcelv attached by cone. 
HXO,.'' 

PbO amphoteric ; more basic 
than SnO. 

PbO, amphoteric, oxidising^ 
agcnl. Other oxides are 
PbjOi .and PbgO^. 

'PbH| (plumbane), gaseous. 

PbClj, a white salt, sparingly 
soluble in cold but more 
soluble in hot water, in 
which it is not hydrolysed. 
Mot a reducing agent. 

PbCl,, yellow fuming liquid : 
unstable, readily hydrolysed 
by water. * 

PbS black, precipitates in acid 
solution : insoluble in yellow 
ammonium sulphide. 


Tin 


^ Occurrence. — 'Pin occassionally occurs native^ but its principal ore is 

or tin stone, SnO^, found in the Malay Peninsula which alone accounts for 
about a third of the world production, Bolivia, Indonesia, Cornwall, Burma and 
elsewhere. Tin stone occurs in Bihar and Orissa, especially in the Hazaribagh 
district. Tlie ancient Indians, Chinese, Egyptians and Babylonians were 
acquainted with the use of bronze, an alloy of copper and tin. 

ExtractMiki — The ore contains only 1 to 5 per cent tin stone ; the 
rest are chiefly silica and svplframte firon tungstate, FeWOJ, irop 
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pyrites, and arsenical pyrites, and sometimes copper pyrites. The ore 
is concentrated, and men smelted to give crude tin which is finally 
refined. 

Cbncentration,— (i) Washing. — The ore is, crushed and washed in 
a current of water which carries away the light silicious gangue (sp.gr. 

2*5), leaving the heavy tin stone 

! sp. gr. 6*4 — ^7*1) and wolframite 
sp. gr. 7*1 — 7'9) etc., behind. 
The wolframite being as heavy 
as tinstone cannot be separated 
by washing ; it is removed by 
1 casting and eleciromagnctic 
separation. 

(ii) Roasting. — The impure 
tin stone is then roasted m a 
current of hot air in an inclined 
Fig. 180 revolving tubc-furnace, when 

arsenic and sulphur are expelled 
as volatile oxide ; most of the iron is converted to the magnetic oxide, 
FCjO^, and copper forms oxide and sulphate. 

(iii) Magnetic "separation. — The roasted ore is then treated in a 
magnetic separator — ^the powdered ore being carried by a travelling 
belt over an electro-magnetic roller; tin stone, being non-magnetic, 
falls oflF undeflected whereas the naagnetic wolframite and iron oxide 
a^e attracted by a magnet and collect in a separate heap (fig. 180). 

The wolframite may also be removed by heating the roasted ore “with sod i 
U»h at 600*, when soluble sodium tungstate is formed. 

(iv) Washing. — The mass is finally washed with water to dissolve 
copper sulphate and to remove ferric oxide and other light materials. 
The tin-concentrate contains abput 65 to 90 per cent tin stone and is 
known as black tin. 

Smelting. — The black tin is mixed with one-fifth of its weight of 
crushed anthracite and some lime and fluorspar to act as a flux, and 
smelted at 1200*'-— 1300® in a reverberatory furnace when the tin oxide 
is reduced to the metal. The piolten tin and slag form two layers, 
and are run out separately: SnOa-h2C=Sn-f 2CO. 

The slag contains much tin, about 5%, ssnd is worked up by smelting with 
carbon. The liq^uid tin is cast into ingots, and sent to the refinery. 

Refining. — The crude tin is refined by liquation, i.e., by heating the ingots 
on the sloping hearth of a reverberatory furnace, when the easily fusible tin 
(m.p, 232*5 melts and runs away leaving behind a dross of an alloy of tin with 
iron, copper, tungsten, and arsenic. The liquated tin is further treated by 
'poling, i.e., the liquid tin is stirred with pieces of green wood so that a large 
surface is exposed to the air, when the remaining impurities are oxidised, and 
separate as scum on the surface, and are skimmed off. The tin so obtained is 
of over 99 per cent purity. The scum and dross contain much tin, and are 
worked up by smelting. Tin may bo refined electrolytically — ^the impure metal 
is the anode and pure tin the cathode, and the electrolyte is an acidic solution 
of stannous sulphate. During electrolysis tin dissolves from the anode and is 
difKMited on the cathode. 
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Piopeitieflof tin— Q) Tin is a sofj; and easily fusible (m, p. 23^°), 
white lustrous metal, which is notably crystalline. 

A rod of tin, when bent, emits a creaking sound (cry of tin) due to the 
rubbing of the crystals against each other. The metal is very mallea]|ple to be 
rolled into foil, but not very ductile to be drawn. 

(ii) It exists in two main allotropic forms, white tin (sp. gr, 7’28] 
and grey tin (sp. gr. 5*62), transition temperature being 13-2 ; 

grey tin - — white tin ^ 

Below 13*2® the ordinary white tin passes into grey tin, the transformation 
being accompanied by expansion and disintegration of the metal. The trans- 
formation is the quickest at — 50®. Tin articles, therefore, crumble to powder 
during severe winters and are said to be attacked by tin plague. 

(iii) It is neither tarnished nor corroded in air at room tempera- 
ture, but when heated in air it is converted to white stannic oxide, 
SnOj. 

(iv) It is not attacked by water but is readily attacked by mineral 
acids. At very high temperatures tin slowly decomposes steam : 
2H20 + Sn = Sn(Jjj-t-2H2. It slowly dissolves in dilute hydrochloric or 
sulphuric acids, giving stannous salt and hydrogen — the action of hot 
concentrated HCl is fairly rapid. Hot concentrated HjSO^ reacts with 
tin, giving off sulphur dioxide. Nitric acids also acts on tin (p. 250). 

Sn^2HCl=SnCl^-f H 2 ; Sn+2H2S0^--SnS0^ + 2Ha0-i-S02. 

(v) It dissolves in hot caustic soda or potash, giving stannite and 

hydrogen: Sn+ 2 Na 0 H=Na 3 Sn 03 *-i-H^ ; the stannite ^is readily oxi- 
dised to stannatc in presence of air. • 

(vi) It combines directly, when heated, with chlorine and sulphur, 
to form respectively stannic chloride SnCl^, and stannous sulphide, SnS; 

Sn -p 201^ ^ SnCl^ i Sn - 1 - S ~ SnS. 

Uses of tin. — (i) Tin ia resistant to atmospheric corrosion, and hence its 
applications as tin foils for packing perishable materials, and for tinning or tin- 
plating iron, copper and lead. 

Tin plate is made W dipping sheets of mild steel (previously cleaned by 
pickling with dilute H^SO^ to remove the oxide-scale) into molten, tin (covered 
with a layer of fused zinc chloride to prevent formation of scum of tin 
oxide); the sheets then pass into a bath of molten palm oil, and finally through 
a pair of rollers to squeeze the excess of tin. The tin fornA a thin continuous 
layer on the surface of iron. The tin plate vessels are used in the storage of 
petrol, kerosene, confectionary, and tobaccot Tin cans are used for canning meat 
and fruit. 

Brass and copper utensils are tinned to prevent the poisoning of food; 
tinning is effected by brushing molten tin (containing rosin and sal ammoniac as 
fluxes) over the surface. ** 

Tinning is less serviceable than galvanisation, when' once the surface of iron 
is exposed, since iron alone is attacked as it stands above tin in the electro- 
chemical series — a galvanic cell is set up, and hence iron dissolves more rapidly 
than when no tin is present. Zinc is, however, more electro-positive than iron, 
and is therefore preferentially dissolved under similar conditions. 

Large quantities of tin are recovered from scrap tin plate by exposing it to 
chlorine gas, which converts the tin to the volatile stannic chlpride. 

(ii) Tin is a constituent of many useful alloys : pewter (Sn 80; Pb 20), solder 
(Sn 60; Pb 60), babbit metal (Sn 90; Sb 7; Cu 3), and Britania mstal 
(Sn 00; Sb 10). Bronze^ bell metal, and gun mstid are alloys of tin and copper 
in different proportions. Tin amalgam is used in coaling glass mirrors. 
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" Compounds of Tin 

Tin forms two series of compounds : Jttan7ion8 compound where the metal 
ia bivalent, and stannic compoiuids in which tin is quadrivalent. Stannous com- 
pounds are reducing agents, since they readily pass l^y oxidation to the stannic 
state. Stannous chloride, for example quantitatively reduces a hot solution of 
ferric chloride. 2FeCl3 -t- SnGl, = 2FeCla + SnCl^. 

« Stannous oxide. SnO, a dark-grey powder, is prepared by heating, in the 
absence of air, the white precipitate of stannous hydroxide, formed by the 
action of caustic soda upon stannous chloride solution. 

SnCl-f2NaOH « 2NaCl+Sn(OH), ; Sn(OH), = SnO-f-H^O. 

Ib is also obtained by heating stannous oxalate in the absence of air : 

SnC^O, = SnO + CO + CO,. 

It is readily oxidised to stannic oxide, SnO^, on exposure to air. 
An amphoteric oxide, it dissolves in acid, forming stannous salts, 
and in dilute alkalis in the absence of air, yielding stannites: 
SnO-f-2NaOH=Na3SnOj|-t-HoO. The stannite solution lias strong 
reducing properties. Stannous hydroxide also dissolves in alkali to give 
a stannite. Sn(OH)2-h2NaOH= Na3Sn03-i-2H20. 

Stannic oxide, SnO^, a white powder, is prepared by burning tin 
at a white heat in air or igniting metastannic acid, formed by the 
action of concentrated HNO3, upon tin (p. 250 ). 

It is insoluble in water and in all acids except concentrated 
sulphuric acid which dissolves it, forming unstable stannic sulphate: 

. SnO^-f =. Sn(S0j3+2H20. 

It is converted to soluble stannates by fusion with caustic alkalis : 
SnOa + 2 NaOH = Na2Sn03 -h HjO. 

Ib is ail amphoteric oxide with predominanb acidic properties; thus it is 
the anhydride of a*stannic acid, H-SnO,, and /^-stannic acid (or metastannic 
acid), 4H3O. 

It is known in commerce aa putty powder, and finds use as a polishing 
medium. It is used to make the white glazes for tiles, milk-glass .shades, etc. 

There is no carbonate of tin. 

Stannous ctiloride, SnCU, is prepared by dissolving tin in hot 
concentrated hydrochloric acid: Sn-f 2 HCI = SnCl^-f ; the solu- 
tion, on evaporation and cooling, deposits transparent crystals of the 
dihydratc, SnCU, 2HjO, known as tin salt. I.t dissolves in water, but 
the solution turns turbid due to the precipitation of stannous oxy- 
chloride by hydrolysis : SnCl^ 4- HOH ^ Sn(OH)Cl + HCl. 

The hydrate decomposes on heating, giving off hydrogen chloride, 
and hence the anhydrous chloride is made by heating in a stream of 
hydrogen chloride. 

Stannous chloride is a powerful reducing agent ; thus it reduces 
mercuric chloride to mercurous chloride or to mercury, ferric chloride 
to ferrous chloride, and cupric chloride to cuprous chloride: 

2HgCl2H-SnCl2 = HgjCl^-HSna^ ; Hg^Cl^ 4- SnCl^ 2 Hg 4 -SnCl^. 

2FeCl3 4-SnCl2 = 2FeCl3 + SnCl^ ; 2CuCl2 + SnCl2 = GujO, 4-SnCl^. 

Zinc reduces SnCl, jto spongy tin. SnCl^ + Zn ZnClj + Sn. 
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The stannous chloride solution quickly becomes cloudy owing to atmospljtpic. 
oxidation, unless it is kept with metallic tin and hydrochloric acid : 

6SnGl, + 2 H ,0 + O, = 2 SnCl, + 4 Sn(OH)Cl. 

Stannous chloride readily combines with -iodine, forming SnCl^Ij, 5 the reaction 
lends iteelf to the volumetric estimation of tin by standard iodine solution : 

SnCIj + = SnCl Jj. 

In hydrochloric acid solution it forms the chloroslannous acid HaSnCl^, which 
gives such salts as (N 114)28001^. 

Stannic chloride, SnCl^, a colourless ^fuming liquid, b. p. MS®, 
is prepared by passing dry chlorine over molten tin in a retort and 
condensing the vapour of stannic chloride to a liquid (fig. 150 ). 

Sn-f2Cl2 = SnCl,. 

It is also obtained in detinning scrap tin plate by chlorine. Stannic 
chloride is also formed by distilling tin with mercuric chloride: 

2HgCl2+Sn = SnCl,-f 2 Hg. 

Stannic chloride dissolves in a small quantity of water, giving a 
clear solution, from which various hydrates inay be crystallised out, 
including SnCl^, 5HjO, known as butter of tin, which is used as 
mordant, especially for silk. The dilute solution is hydrolysed by 
water, precipitating basic chlorides and finally stannic hydroxide: 

SnCl. + H^O ^ SnCl,(OH) + Ha ; 

SnCl3(6H) + SUfi ^ Sn(OH), + 3 HC 1 . 

With hydrochloric acid it forms chlorostannic acid, HjjSnClg, and 
with ammonium chloride it forms the double salt ammonium 
stannichloridc, (NH4)2SnCl3, whicli is used in dyeing under the name 
of pink salt. Stannic chloride is also soluble in alcohol and ether. * 

Stannous nitrate, SnlNO,)^, is obtained by the action of dilute nitric acid 
upon tin. AStannic nitrate can be prepared by dissolving stannic hydroxide ih 
nitric acid. 

Stannous sulphate, SnSO^, is obtained by dissolving stannous hydroxide m 
sulphuric acid; it is also formed when dilute sulphuric acid acts upon tin. 

Sn-bHjSO^ = SnSO^+Ha. 

Stannic sulphate, Sn(SOj2. is made by dissolving etannic hydroxide in 
H^SO^ ; it is hydrolysed by water. 

Stannous sulphide, SiiS, is made by heating tin with sulpur.. It is 
obtained as brown precipitate by passing H2S through a solution of stannous 
chloride acidified with dilute HCl. SnCl, + HjS = SnS + 2 HC 1 . 

It is soluble in cone. HCl, and in yellow .ammonium sulphide forming 
ammonium thiostannate : SnS+(NHj2S3 =*(NH^)2 SnS^. 

The solution on acidification with dilute HCl, yields a yellow precipitate 
of stannic sulphide : (NH^)2SnS3+2HCl = SriS2+2NH^Cl+H28. 

SnS is practically insolube in alkalis, and also insolllb^e in ammonium 
carbonate. • 

Stannic sulphide, SnS2, is obtained .as a yellow precipitate by passing 
hydrogen sulphide through dilute acid solution of stannic chloride, 

SnCl^+2H2S SnS 2 + 4 HCl. 

It is soluble in cone. HCl, and in yellow ammonium sulphide forming 
thiostannate, from which acids re precipitate sUnnic sulphide. SnS, is insoluble 
in ammonium carbonate but dissolves m alkalis. 

■ Mosaic gold crystalline SnS^, used for gilding, is obtained as golden 
yellow scales by heating a mixture of tiii, sulphur and ammonium chloride in a 
retort. It is insoluble in all acids but dissolves in aqua regia or alkalis : 
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8n+4NH,Cl = (NHJ,8a01*+H,+2NH,. 

^ 2(NHJ,8nCl,+2S = 8nS,+{NHJ,8nCl.+2NH,Cl. 

Detection of tin r Dry tests. — (i) Tin coirfponuds^ when heated with sodium 
carbonate preferably in prosence of potassium cyanide, on charcoal give white 
and malleable beads of tin; the beads react with hot concentrated HNO«, 
yielding a white mass of metastannic acid and giving^off brown fumes. 

SnO,+2KCN = Sn+2KCN0. 

(ii) A borax bead which has been coloured pale blue by a trace of copper 
sall^ turns ruby red in the reducing flame if a trace of tin compound is added. 

Wet tests.— Solutions of SiiCl, and SnCl^ are used ; 


Reagent 

Stannous salt 

Stannic salt 

(i) H,8 

Grey ppt. of SnS, soluble 
in cone. HCl and in 
yellow ammonium sul- 
phide : practically inso- 
luble in alkalis. 

Yellow ppt, of SnS-, 
soluble in cone. HCl, 
yellow ammonium sul- 
phide and caustic alkalis. 

(ii) HgClj solution 

White ppt. of Hg^Cl, 
turning grey, if stannous 
salt be in excess. 

No ppt., but gives a white 
to grey ppt. on reduction 
with Fc and HOI. 

(iii) FeCl. and 

K 3 Fe(CN); soln. 

Blue precipitate of Prus- 
sian blue. 

No precipitate. 


Lead 



Oocuirence, etc.— Native lead is occasionally found in traces, but the chief 
ore is (plena, PbS, usually associated with tine hknde. Galena is found at 
Broken Hill (New South Wales), North America, Mexico, Spain, and in Northern 
Shan States in B'lrma. Galena usually contains about 0*01 to 0*1 per cent of 
silver. XiOss abundant, minerals are : cerussite, PbCO, ; angleaite, PbS 04 ; 
crocaiaiU, PbCrO^; vndfenite PbMoO^ ; hadhillite, SPbCOj.PbSO. ; lanarkite, 
PbO.PbSO^ ; pyTomorphiUt 3 Pb 3 (P 04 ) 3 ; PbCl, ; matlockite, PbGlF. Lead ochre, 
PbO and plattnerite, PbO,, are rare. 

The load smelting plant at Tundoo (Katrasgarh) in Bihar treats the lead ores 
obtained from Zawar (Udaipur) mines of Rajasthan. 

Lead \(aa known in ancient Egypt and 
Babylonia. ft was largely used by the 
Romans for cisterns, water pipes, etc. 

Extraction — Lead is made from 
galena, PbS, by a process which involves 
(i) concentration of the ore, (ii) roasting 
in edr, (iii) smelting with coke, and (v^ 
refinitig: 

(i) Concentration. — Galena is separated 
from gangue and blende by oiLfloation pro- 
cess, vide metallurgy of zinc (p. 421), 

(i) Roasting.— The concentrated lead 
ore, mixed with some coal and lime (which 
acts as a~flUX^ , is jaaslfill tn a 
of air in ~a pot (1^. 181), whereby the 
lead sulphide is converts to lead oxide. 
which is sintered at the high temperature 
employed. 

2PbS+89, = 2PbO+2SO,. 

The ore and the lime is charged on to the top of a coal flra first made 
on the grating and air is blown in through the bottom, when the charge is 



Fig. 181 
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sintered into a large cake. The sintered mass is broken to pieces for chargiiu 
into blast furnace. Any fumes produced in the operation is sucked away througn 
a hood at the top. 


(iii) Smelting. — The sintered lead 
oxide, mixed with coke ^nd a flux of 
lime and iron oxide, is smelted in a 
small blast furnace (fig. 182). The air 
blast is forced through tuyeres at jhe 
base. The lead oxide is reduced by 
coke, and any unchanged lead sulphide 
by the iron formed by the reduction of 
the oxide in the charge. 

PbO+C = Pb-f-CO; 

2PbS+Fep,4 3C = 2FcS4-2Pb+3CO. 
Any silicate ore is reduced by carbon in 
presence of lime: Lime reacts with 
silica, yielding a slag of calcium silicate. 
PbSi 03 4-Ca0+Ci= CaSi 03 + Pb+C0. 

Molten lead and slag of iron sul- 
phide and calcium silicate are withdrawn 
from the base of the furnace through 
separate tapping holes. 





Fig. 182 


Lead was formerly extracted from galena by simple rooBting and smelting 
in a reverberatory furnace (fig, 183) ; the process is to some extent still in use. 



Fig. 183 


(a) Roasting. — The ore is first roaeted in air in the. reverberatory furnace 
at a moderate temperature, when a part of iKegtdena is okidised to ojetde and 
sulphi^. 2PbS + 503 ~ 2PbO + 2S0fr^ PbS + 20, = PbSO^. 

(b) Smelting.— * When about half the galena is oxidised, the air supply is 
cut off and the temperature is raised with the addition of a little lime to act 
as a flux* The charge smelts, when the unchanged lead sulphide reduces the 
lead oxide and sulphate, yielding metallic lead which is* tapped, out in the 
molten state. This is a self-reduction process^ since the reduction takes place 
by lead sulphide itself. 

PbS + 2PbO = 3Pb + SO, ; PbS + PbSO, « 2Pb + 2S0,. 
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(iv) Repiingj* — The crude lead contains «7oer, copper, iron, zinc 
arsenic, antimony, kismuth, and sulphur, which render the metal 
hard. Softening of the crude lead is effected by fusing it In a rever- 
beratory furnace in contact with air, when the foreign metals except 
silver and bisinuth are oxidised and removed as scum from the sur- 
face ; arsenic and sulphur arc eliminated as volatile oxides. The lead 
is then desilverised by any of the following processes ; (i) Pattinson^s 
process (p. 401) ; (ii) Parkers process (p. 462) ; (iii) Betts* electrolytic 
process. 

Lead is refined in Betts’ process by the electrolysis of a solution of lead 
silicofluoride, PbSiF^, and hydrofluosilicic acid. HsSiF,, with a little gelatine, 
between crude lead mode and pure lead cathode. Lead dissolves from the anode 
and is deposited on the cathode. Silver, gold and bismuth are recovered as by 
products from the anode sludge. 

Properties of lead.— (i) Lead is a very dense (sp. gr. 11*34), easily 
fusible (m. pt. 327*4®), bluish-grey metal with a bright lustre when 
freshly cut. It is malleable, soft and plasjdc, and marks paper. 

(ii) It tarnishes in air by the formation of a superficial film of 
basic carbonate, which prevents further corrosion, and hence its use 
for roofing buildings. When melted in air, it is oxidised to litharge, 
PbO, and finally to red lead, Pb 304 . 

2Pb+03 = 2PbO ; 6 PbO +O 3 =. 2Pb304. ^ 

(iii) It is not attacked by pure air-free water ; but water contain- 
ing ^ssolved- oxygen corrodes the' metal, forming plumbous hydroxide 
Which is slightly soluble and poisonous. The dissolution of lead by 
water is known as plumbo-solvency. 2 Pb 'i -02 + 2 H 20 = 2 Pb(OH) 2 . 

This becomes a serious menace where lead piping is used for water supplies, 
since lead is a cumulative poison. But in the presence of mineral carbonate or 
sulphate in the water, the lead becomes coated with a protective layer of 
insoluble lead carbo nate or sulphate, w hich arrests further corrosion ^ . 

Hence drinking water which is hard may be safely conveyed through lead 
pipes. Lead piping may also be used for conveying soft water previously treated 
with chalk or lime. Peaty water containing organic acids leadily corrodes lead. 

A blue line on the edge of gum is a symptom of lead poisoning, to which 
potters using lead glazes, and plumbers ara likely victims, a » , 

(iv) It is insoluble in dilute HCl or dilute Boiling con- 

centrated hydrochloric acid slcrwly attacks it; Pb-f2HCl = PbClj-j-Hj. 
Hot concentrated sulphuric acid dissolves lead, giving pff sulphur 
dioxide: Pb+ 2 H 2 S 04 = PbS 04 + 2 H ^0 + S 02 . 

The action of HCl or H^SO^ is somewhat retarded by the coating of 
insoluble lead chloride "or sulphate produced; It is scarely attacked in the cold 
by sulphuric acid of less than 78% strength. 

^ Dili 4 te nitric acid readily dissolves lead : 

3Pb+8HN03 = 3Pb(N03)2 + 2N0+4H20. 

Concentrated HNO 3 has little action upon lead, since lead nitrate is insoluble 
in it, and hence forms a protective coating. 

In presence of air, lead is readily corroded by such weak acids as acetic and 
phonic acid. 
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(v) It combines directly with chlorine and sulphur, when heated, 
to form respectively the chloride, PbCl^ and the sulphide, PbS. 

(vi) It is readily obtained as crystals by predpitation. A mass 

of arborescent crystals f^lcad tree*) slowly deposits, when a zinc rod 
is hung in a solution of lead acetate: • 

Pb(CH3c6o>,+Zn = Zn(CH,COO),4.Pb, 

Uses of lead. — (i) Owing to its resistance to corrosion and cheapness it 
finds uses for water pij^s and cable coverings, ^nd as sheet lead for roofi^ 
buildings, and for lining vats in chemical industry, e.g., sulphuric acid chambers. 

(ii) Lead is made harder by alloying with a second metal — some useful alloys 
are : 'pewter (Pb 20 : Sn 80), solder (Pb 60 : Sn 50), type metal (Pb 00 : 

Sb 15: Sn 6), and /r(wy metctl (Pb 97 : Ba 2 : Ca 1) for bearings. An alloy 
with 1% tellurium is of general use where hard lead is needed; e.g., for water 
pipes. Hard lead with 10% antimony is used in pumps for corrosive liquids 
and in accumulator plates. 

(iii) It also finds uses in making bullets (hardened by arsenic), white lead, 
lead tetraethyl (added to petrol as an anti-knock compound), etc. 

Compounds of lead 

Lead forms two series of compounds : plum bus compounds in which lead 
is divalent, plumbic compounds where the metal is quadrivalent. Plumbic 
compounds are readily hydrolysed, and difficult to obtain. < 

Oxides of lead* — Lead forms four oxides : Leacf monoxide, PbO ; 
Red lead, Pb^O^ ; Lead sesquioxide, Pb^O, ; Lead dioxide, PbO^ 

(i) Lead monoxide, litharge, massicot, PbO, is obtained as a yellou} 
powder, called massicot, by heating, lead in air. When, the massicot 
IS fused, cooled and powdered, a reddish-yellow crystalline variety 
called litharge, is produced. It is commercially made oy heating fused 
lead in air in a reverberatory furnace, and continuously skimming off* 
the molten litharge floating on the surface ; it is cooled, ground, and 
air-floated to remove unoxidised lead particles. It is a by-product in 
the cupellation of silver. 

It is conveniendy obtained in the laboratory by headng lead 
nitrate. 2Pb(N03)2 = 2PbO + 4NO2 + O3. 

Any other oxide of lead is converted to PbO by heat above 600*. 

Insoluble in water, and essentially a basic oxide* it reacts with 
acids, forming salts ; but it also dissolves in hot caustic alkali, giving 
plumbitcs, and hence the amphoteric .nature of the oxide. 

PbO+2HN03 = Pb(N03)2+H20 ; PbO+2NaOH = Na^PbO^+H^O. 

The heated oxide is easily reduced by hydrogen, carbon or carbon 
monoxide. PbO+H^ = Pb+H^O ; PbO+C = Pb + CO. * 

It is used as a Mrier’ in paints and varnishes ; in *the preparation of lead 
salts, flint glass and glazes for pottery. 

(ii) Lead sesqoioxide, PbjO.,, a reddish-yellow powder, is formed by the 
action of sodium hypochlorite upon a cold .solution of PbO in caustic potash. 
Its reactions are in accordance with the constitution, PbO, PbO,. 

2PbO + NaOCl = Pb,0, 4- NaCl. 

(iii) Rad lead, mmimum, Pb304, a scarlet powder, is made by 
calcining litharge {pide supra) for about 4S hours in a current of air 

29 
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in a muffle furnace — the temperature is kept within narrow limits, 
near 340®C. At temperature above 470® it decomposes into oxygen 
and litharge. 2Pb + 03 = 2PbO ; 6PbO -f ^ 2Pb30,. 

Its chemical reactions suggest the constitution, 2PbO, PbO^ It 
reacts cold concentrated or hot dilute nitric acid, forming lead 
nitrate and a precipitate of lead dioxide: 

Pb30,+4HN03 =2Pb(N03)^+Pb03 + 2Hp. 

* It reacts with hot copccntratcd HCl or HgSO^, giving off chlorine 
or oxygen. PbgO^j + 8HC1 = 3PbCl, + 411^0 + Cl^ : 

2Pb30, + 6H3S0^ = 6PbSO,-f 6H3O + O3. 

It finds uses in a red pigment; as a plumber’s cement (mixed with linseed 
oil) for joining pipes, etc. ; as a 'drier* in oil paints ; in the preparation of 
flint glass and matches. It is used as an oxidising agent. 

(iv) Lead dioxide, PbOj, a chocolate-brown powder, is made: 
(a) by the action of hot dilute nitric acid upon red lead — the lead 
dioxide is filtered, washed and dried. 

(b) by the action of an alkaline oxidising agent upon a lead salt. 
It is conveniently prepared by heating on water bath a solution of 
lead acetate with excess of bleaching powder. The brown precipitate 
of PbOj is stirred with hot dilute HNO, to remove any bleaching 
powder, filtered, washed with water and dried a.t 100®. 

(CH3COO),Pb + Ca(OCl)Cl + H^O = PbO^ + CaCl. + 2CH3COOH. 

It is formed on the positive plate during the charging of a lead accumulator. 

, It is insolubc in water, in nitric acid, and in dilute HCl and 
HjSO^. It reacts with hot cone. HCl and Hj^SO^, giving off chlorine 
or oxygen respectively: 

Pb 03 + 4HC1 = PbCl 2 + 2 H 30 + Cl3; 

2Pb02 + 2H3S0^ = 2PhSO, + 2H.fl^O^. 

It dissolves in hot caustic soda or potash, forming plumbate: 

Pb 03 + 2 NaOH = Na,Pb 03 + Hfi, 

It is a powerful oxidising agent. It oxidises SO^ spontaneously, 
forming lead sulphate: PbO^-fSOg = PbSO^. 

A mixture ot PbO, and .sulphur inflames on trituration. A pink solution of 
permanganic acid is formed on heating a solution of manganous salt with 
concentrated UNO, and PbO,. 

2MnS0,+5Pb0,+6HN03 = 2HMn0,+2PbS0,+3Ph(N03),+2H30. 

Lead dioxide is stable up to 300°, but at higher temperatures it decomposes 
into PhO and oxygen. 2 Ph 03 = 2PbOH-02. 

It finds applications in the lead accumulator, in the preparation of matches 
and as an oxidising agent. 

Isstd hydroxide, Pb(OH) 2 , is produced as white precipitate by adding 
sodium hydroxide (not in excess) to a solution of a lead salt. Insoluble in 
water, it dissolves both in acids and caustic alkalis. 

Lead carbonate, PbCO,, occurs in nature as cerussite and may be obtained 
as a white precipitate by adding NaHCO, to a solution of a lead salt — NaaCO, 
precipitates basic lead carbonate 2PbCOa, Pb(0H)a. 

Pb(N03)ad-2NaHC03 = PbC03+2NaN03+Ha0-hC0a. 



White lead, basic lead carlxMiate, 2PbC0,, Pb(OH),.— The white 
lead was used as a pigment from ancient times. The best quality 
white lead is made by 
the so-called Dutch ^o- 
cess (actually mention- 
ed by Theophrastus in 
B,C.) which *is 
based on the corrosion 
of lead in presence of 
air and carbon dioxide. 

The process is carried 
out in earthenware pots 
(fig. 184) provided with 
shoulders from v\ hich 
are suspended on grids, 
strips of highly purified 
lead. The pots contain 
vinegar (a solution of 
3% acetic acid) with which the strips of lead do not come in direct 
contact Several pots arc arranged on a thick bed of spent tan-bark 
(available at leather works) and covered with planks. Alternate 
layers of bark, pots and planks are built up until the shed is full 
^nd then allowed to stand for 4 to 5 weeks. Thc*fcrmentation of the 
bark produces carbon dioxide and keeps the pots warm so that the 
acetic acitf vaporises, and in presence of air and moisture attacks 
the lead, forming basic lead acetate which is converted to the basic 
carbonate by the carbon dioxide— the acetic acid set frefe again entering 
into the reaction, • ° 

The followinfr cycle of reactions probably takes place : 

2Pb+0,+2H,0 = 2Pb(0Hb ; Pb(0H),+2HAc = Pb(Ac)a +2H,0. 
2Pb(Ac),+Pb(0Hh = 2Pb(ACj„ Pb(OHh. 

2Pb(Ac)„ Pb(0H),+2H,0+2C0, = 2PbCO„Pb(OH),+4HAc. 

HAc stands for acetic acid CH3COOH, where Ac = CH3COO'. 

At the end of 4 to 5 weeks the strips become covered with a 
crust of white lead; this is stripped off, washed with water, ground 
and dried in vacuum driers. 

• 

Because of its very great covering power, it is extensively used as pigment 
as the basis for many white and colour^id paints — mixed with linseed oil, it 
la extensively used as a white paint but it suffers from two defects ; it is 
poisonous, .and it gradually darkens duo to the formation of. brown -black lead 
sulphide by atmospheric hydrogen sulphide. 

It has been displaced in part by the white pigments lithopfim (p. 420) and 
zinc white (p. 424). , r xtr n 

White lead of inferior quality may be precipitated by passing CO- into 
a solution of basic lead acetate, formed by boiling litharge with lead acetate 
solution {Thtnard j^rocesa). 

White lead is prepared in Carter process by admitting air and carbon dioxide 
and spraying dilute acetic acid on atomised leald (made by injecting super-heated 
steam on the molten metal) in a revolving wooden drum-— ^process is complete 
in two weeks. The product is ground, washed and dried. H^l^hite lead is also 
made electrolytically. 
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Lead acetale» Pb(CH,COO)^, 3H,0, algo called wqar of lead because it is 
sweet (but poisonous) in taste, is made by dissolving litharge or lead carbonate 
in hot dilute acetic acid and crystallising. It finds uses in medicine as an 
eye-wash, in dyeing and in making pigments, e.g., lead chromate (chrome 
yellow). Basic lead acetate solution, Pb(OH^GOO)„ Ph(OH) 2 , called Goulard's 
extract, is formed by boiling litharge with lead acetate solution, and is used 
as a lotio'a. 

Plumboos chloride^ lead chloride, PbGl,, is obtained as a white precipitate 
by adding dilute HCl to lead nitrate solution : It is nearly insoluble in cold 
water (0*91 per cent), but more soluble in boiling water (3*2 per cent), from 
wbioh it separates in needles on cooling. It dissolves in hot concentrated HCL 
PbCl, + 2HCI H.PbCl, 

Plumbic chloride, PbCl^, a heavy yellow oil, is formed by the action of 
cold concentrated sulphuric acid upon ammonium plumbichloride : 

(NHJ,PbCl. + H,SO^ = (NHJ,SO, -f 2HC1 + PbCl*. 

Ammonium plumbic chloride is precipitated by adding ammonium chloride 
to a solution prepared by dissolving lead dioxide in ice-cold concentrated HCl 
and saturating with chlorine. 

PbO,+4HCl PbCl,+2H^O ; PbCl,+2HCl = H,PbCl.. 

HaPbCl.+2NH,Cl = (NHJ,PbCl,+2HCL 

It rapidly decomposes at room temperature into PbCl, and chlorine, and is 
readily hydrolysed into PbO^ and HCl. 

Lead nitrate, Pb(N03)g, is made by dissolving metallic lead, the oxide, 
or the carbonate in hot dilute nitric acid and crystallising the solution, when 
it is deposited in milky- white crystals. It is decomposed by heat : 

2Pb(NOJ, = 2Pb0+4N0,+03. 

Lead sulphate, PbSO^, is obtained as a heavy white precipitate by adding 
dilute H 3 SO 4 to a solution of a lead salt. 

X It is slightly soluble in water (1 in 12,000) and practically insoluble in a 
mixture of dilute H 3 SO 4 and alcohol (1 m 36,000). It dissolves in hot cone. 
H,SO., and in hot ammonium acetate solution. Lead is estimated gravimelrically 
aa PbSO,. 

Lead sulphide, PbS, occurs naturally as galena. It is precipitated as a 
black mass by passing H^S through a solution of a lead salt. Lead burns^ in 
sulphur vapour, yielding lead sulphide. It is insoluble in yellow ammonium 
sulphide, but dissolves in boiling dilute HNO,. It also dissolves in hot 
cone. HCl. 

]>etection of lead. — (i) When a lead compound is heated with sodium 
carbonate on charcoal, a soft malleable bead of lead (which marks paper), 
surrounded by a yellow incrustation, is obtained. 

(ii) Dilute HC'i gives with a solution of a lead salt a white precipitate 
of PbUl„ which dissolves in boiling water but separates out again in needles 
on cooling. 

(iii) With a solution of lead salt potassium iodide solution gives a yellow 
ppt. of Pbl., whrch dissolves in boiling water, but separates on cooling in golden 
yellow plates. Pb(NO,),+2KI = Pbl^+SKNO,. 

(iv) Potassium chromate solution, when added to solution of a lead 
•alt, gives a yellow precipitate of lead chromate,* insoluble in acetic acid. 

Pb(NO,),+K,CrO, = PbCrO^-l-2KNO,. 

Exercises 

1 . What is the chief natural source of aluminium, and how is the metal 
extracted from it? State the properties and uses of the metal. What reactions 
occur between (a) aluminium and ferric oxide, {h) aluminium and potash? How 
^ould you prepare anhydrous aluminium chloride, and alum from aluminium 
•acrapf Punjab *51. 
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‘2. What is an alam? How is potash alum produced industriallv? Stale 
its applications. Explain what happens when (a) sodium carbonate, (o) oaostic 
soda, (c)ammonia is added to a solution of (i) aluminium chloride, (ii) aiuo 
chloride. • • 

3. How does tin occur in nature? How is the pure metal extracted from 
it? Mention the chief uses of the metal and its compounds. State what 
happens when tin is attacked (a) by nitric acid, ( 6 ) by hydrochloric acid, and 
(c) when exposed for a long time at low ten^erature. Compare the melKts 
and demerits of tinning and galvanisation. 

4. What is the chief natural source of lead, and how is the metal obteined 

from it? Give an account of a process for the desilverisation of lead. Discuss 
the solvent action of water upon lead. Calcutta *48. 

5. Starting ' with metallic lead, how would you prepare ; litharge, red lead, 
and lead dioxide? By what tests would you distinguish between these oxides? 
Describe the Dutch process for the preparation of white lead. Mention its uses. 

Calcutta *67. 

6 . Describe and explain what happens when; (a) a mixture of alumma 
and coke is heated in chlorine, (d) sodium nitrate solution is heated with 
aluminium dust and caustic soda, (c) sodium alnminate solution is shaken with 
ammonium chloride, (d) chlorine is passed over molten tin scrap, (e) a hot 
solution of ferric chloride is treated with stannous chloride solution, (/) lead 
dioxide is heated with concentrated sulphuric acid, (h) fused argentiferous 
lead is allowed to cool, (i) a mixture of coke and alumina* is haeted in nitrogen. 

7. How would you prepare (i) lead dioxide, (ii) crystals of lead nitrate, 
from red lead? State the effect of heat on them. What is the action of 
hydrochloric acid on (t) red lead, (ii) lead nitrate? 

xXxn 

Cofqper, SOm and Gold 


Group IB of the periodic classification contains the coinage metals, copper, 
silver, and gold. 



At. no. 

At. wt. 

At. vol. 

Density 

M. pt. *0 

B. pt. *0 

Copper 

29 

63*57 

7*1 

8*94 

1083*0 

2310 

Silver 

47 - 

107*88 

10*3 

10*47 

960*5 

1955 

Gold 

79 

197*20 

10*2 

19*50 

1063*3 

2610 


Occnrrence* — Native copper is found in enormous masses in the remon 
of Lake Superior in Canada, in Sweden, in Siberia and in Ural mountains. The 
chief minerals of copper are chalcopyrite or copperpyrites GiigS, Fe^S,; chdlco* 
ci^ or copper glance, CuaS ; cuprite or red copper ore, Ou.O ; tenorite or melaco* 
nitt, CuO; malachite, CuCOj, Cu(OH)j; azurite, 2 CUCO 3 , Cu(OH)j ; hrochaai^ 
tite, CuSO/, SCuCOH)^; atemmite, CuCl„ 3 Cu(OH) 3 ; chryeocolla, CuSi0„2Hj|0. 

The chief copper-producing regions are: Montana, Arizona, , Canada, Japan, 
Russia, Rhodesia, Germany, Congo, Spain, and C^e. India is not rich in 
copper ore^the deposit of copper pyrites in Singhbhum,* Bihar, is worked up at 
Ghatsila. 

The sulphide ore alone accounts for about 75 of the world production. 

Extraction of copper^ — Native copper is smelted with a flux and 
then refined. Oxide and carbonate ores are roasted and then smelted 
with coke and flux, when crude copper is produced : 

C*uC 03 ss CuO+COj^j CuO+C = Oud'CiO. 

By far the greater portion of copper is, however, made from the 
sulphide ore, coppsar pyrites, though its copper content is ususdly le^s 
than 2 per cent The {process invotves the following steps: 
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(i) Concentration by ofl-floadon process.— The ore (chalcopyrite) 
is crushed and finely pulverised. The ore pulp is then suspended in 
water to which the flotation reagents, viz., lime, pine oil and sodium 
jpcanthate, have been added, and agitated with air. The copper- 
bearing particles collect in the jEroth formed on the surface of the 


OPE PULP 


OIL 


Fig. 185 



liquid and are rem'oved ; .the siliceous ganguc is wetted by water and 
sinks to the bottom of the vessel (fig. 185). The ore concentrate in 
the froth is dewatered, filtered and dried. 

(ii) Roasdng. — ^The dried ore concentrates arc partially roasted 
m a current ^f hot air in a multiple-h^th roaster (p. 421), when any 
arsenic present in the ore is ^olataTisecnas oxide, and the baser metal 
irof^ which is more readily oxidised than copper, is partiattjr^orT^ 
fSted to ferrous oxide. Any cuprous oxide that may be lorrne3* 
r^cts witfiTsome ot tiicTinchangcd ferrous sulphide witn the forma- 
tion of cuprous sulphide: CuaO-nFeS = CugS + FeO. 

Cu2S,Fc 2S3 + 402 ‘= Cu^Si 2 FCO + 3 SO 3 . 

A large proportion of sulphur is burnt out during roasting, leaving enough 
to hold all tno copper and a portion of iron in combination as sulphides during 
the smelting operation. 

The sulphur dioxide formed may be utilised in making sulphuric acid. 

(iii) Smeitiiig — Smelting is carried out cither in a reverbera - 
tory furnace (for low grade sulphide ores) qr^ i n a blast furna"^ TIic 
roasted ore is ijiixtcd with some unroasted orc'and silica (whiciii acts a.^ 
a flux) and smelted on the hearth of a long reverberatory furnace which 
is fired by injecting coal dust and air within. The icrrous oxide is 
fluxed by silica, yicicfeng a ^lag ot liquid ferrous silicate, which floats, 
forming an immiscible layer, on the surface of the fused mixture of 
cuprous sulphide and unchanged ferrous sulphide known as matte : 

' FeO-f-SiOj = FeSiOj. 

The slag is run off and the matte transferred to a converter. 
The matte contains 40-45% copper, 80-35% iron, and about 25% 
sulphur. 

blatft furnace (iig. 185) smelting is suitable for high grade luitip dre only. 
.*3^- ^uurge of partially roasted ore, mixed with some (^ke to act as a fuel 
aaa flux ot flifica, is fed in at^ the topt of a small water-jacketted blast furnace 
and dr; is forced in through at the charge is smelted, 
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producing clag and matte, which run out from the bottom of the furnace into 
a settler, where they separate into the top layer of slag and the bottom layer 
of matte. 


(iv) Bessemerisation^Thc molten matte is poured into Bessemer 
converter (fig. 186) lined inside 
with magnesia bricks and a 
blast of air is turned on 
through ports in a pipe above 
the base of converter, and not 
through the base, as in steel- 
making. The ferrous sulphide 
is selectively oxidised to ferrous 
oxide before the cuprous sulp- 
hide gets oxidised. ' Correct 
amount of silica is added to re- 
act with the ferrous oxide to 
form a slag. The flame issu- 
ing from the converter is green 
so long as the elimination of 
iron is continuing. 



When the green colour begins to fail, the air blast is stopped and 
the converter is tilted to pour .the slag. It is again turned back 
to the blowing position and the air blast renewed, when the cuprous 
sulphide is partially oxidised to cuprous oxide which Is reduced 
metallic copper by the unchanged ciipprous sulphide by the process 
of self-ieductiom 

2CU2S + 3O2 = 2CU2O -h 2SO3 ; 2CU2O + Cu.S = 6Cu + SO2. 

The process complete, the blast is stopped, the converter is 
tipped up and the crude copper (blister copper) jMJurcd out. 

(v) Refining of copper, — (a) Thermal refining* — The blister copper 
contains 2-3% impurities, mainly iron and sulphur. It is refined [ by 
melting on the hearth of a reverberatory furnace in a current of air, 
when the chief impurities iron and sulphur arc readily oxidised — ^the 
iron oxide collects on the surface as a scum and is removed ; but the 

E urified metal contains dissolved cuprous oxide which renders it 
rittle. The oxide is removed by sprinkling the surface v^ith powdered 
anthracite and stirring the molten metal with a pole of green wood 
(poling), when torrents of reducing gases are evolved, whWh reduce the 
oxide to metal. The correctly poled metal is krtown as tough pitch 
copper, and contains about 99*5% Cu. 

(b) Electrolytic refining.— Thn^mdly 
refined copper is pure enough for the 
manufacture of sbeeia, tubes, plates and 
some alloys, but it still contains many 
impurities, such as As, Sb, Fe, Ni, etc., 
which seriously lower its electrical con- 
ductivity. It also contains traces of the 
precious metals gold and silver. Copper 
of the highest purity^^suitable for electri- 
cal purposes is obtained by electrolytic refjnuig. 
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intermediate chemistry 


Thick ^aba (fig. 187) of thermally refined copper (which are made the anodes) 
are placed in between thin sheets of pure copper (^which are the cathodes) in a bath 
of 15% copper sulphate solution containing 5-10% free sulphuric acid at about 
50*. On electrolysis, copper dissolves from the anode, and is alcne deposited 
on the cathode. The electrolytic copper is of 09*99% purity. 

The anode slime contains valuable gold and silver, which are recovered. 

, Wet processes of copper extraction. — Low grade sulphide ores and the 
o&^-idised ores are suited for \w3t metallurgy. The ore is leached, with a solvent, 
such as sulphuric acid, and the copper is obtained from the solution by precipita* 
tion with iron or by electrolysis. 

(a) Iron precipitation process. — The low grade copper pyrites is piled up in 
moist heaps au air; the sulphides of iron and copper are converted to sulphates 
by slow atmospheric oxidation. The heaps are leached with water and copper 
is precipitated from the solution by scrap iron. The spongy precipitate of copper 
is melted down and refined. CuSO^+Fe = FeSO^+Cu. 

The cupriferous burnt pyrites from the manufacture of sulphuric acid, is 
roasted with 10 — 15% common salt; this treatment, known as chlondising roasting 
converts the copper to soluble cupric chloride, which is leached with water; 
the copper is precipitated by scrap iron. CuClj+Fe = FeCla+Cu. 

(b) Electrolytic methods. — The oxidised ores, such as brochantite, are leached 
with dilute sulphuric acid, and the solution of copper sulphate is electrolysed 
in cells fitted with anodes of duriron and cathodes of pure copper. 

Pfoperties. — (i) Copper is a rose-red metal with a high-conducti- 
vity for heat and electricity. It is soft, tough, malleable and ductile. 

(ii) It slowly tarnishes in air, becoming covered with a brown 
film of oxide or sulphide, which on long exposure is converted to a 
green patina of basic copper sulphate, CuS04,3Cu(0H)j. 

When heated in air, it is converted to cupric oxide, CuO, but above UOO* 

« cuprous oxide Ou.O, is formed. 4CuO - — ^ 2CujO-^Qj. 

(iii) It is not attacked by water or steam even at a red heat ; 
but it is slightly oxidised by steam at a white heat. 

(iv) Less electro-positive than hydrogen, it is not attacked by 
cold solutions of non-oxidising acids, e.g., HCl or dilute HjSO^; the 
metal, however, dissolves slowly in cone. HCl or dilute HjSO^ in the 
presence of air: 2Gii-f2H2S0^4-02 = 2CuS04+2Ha0 ; 

, 2 Cm- 4 HCl+Oa = 2CUCI2+2H2O. 

Hot cone. H2SO4 also dissolves it ; it is also slowly attacked by 
boiling cone. HCl. It readily dissolves in nitric acid (p. 250 ). 

CU + 2 HSO, = CuS 0 , + 2H20+S02 ; 2 Cu + 8HCl = 2 H,CuC1,--pH2. 

(v) It copibines directly, when heated, with chlorine and sulphur, 
to form respectively ^the chloride, CuCl^, and the sulphide, CuS. 

(vi) It dissolves in ammonium hydroxide in the presence of air, yielding a 
deep solution. It is attacked by fused alkali forming cupric oxide. 

(vii) It displaces less electro-positive metals,^ such as sUver, from 
their salts, but is itself deposited from its solutions by more electro- 
positive metals, such as iron and zinc: 

SAgNOa + Cu = 2 Ag-»- Cu(N 03)2 ; CuSO^ + Zxi - Cu + ZhS04. 

^ IJies of copper.— (i) On account of its very high electrical condactivity, it is 
bunged^ used for tei^gra^ and telephone wires, power lines, and also for eleeteieal 
mei^nerp. Copper for eleotneal purposes nrnst he extremely pure* 
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(ii) Owing to its high thermal conductivity coupled with resistance to 
corrosion by air and st^m at high temperature, it is employed in locomoUvt 
fire-boxes, for steam pipes, cooking utensils, and also for roofing buildings. 

(iii) It is used in electroplating and electrotyping (p. 129). • 

(iv) In making alloys— the alloy is made by adding the other metal to 
molten copper in a reducing atmosphere. Alloying improves mechanical properties 
of copper. Copper-base alloys are resistant to corrosion. Brass can bo cast, dr^jm 
and stamped. Bronze has high tensile strength^besides tin, casting bronze 
contains some lead and zinc. Few non-ferrous alloys are : 


Allot 


Composition 


Uses 


(i) Brass 

(ii) Delta metal 

(iii) German silver 
(vi)' Bronze 


(t) Phosphor bronze 


(vi) Silicon* bronze 

(vii) Gun metal 
(viii) Aluminium 

bronze 

(ix) Monel metal 


Cu 70 Zii 30 

Cu 55 Zn 40 Fe 5 i 

Resistant to sea water 

Cu 50 Zn 30 Ni 20 I 

Cu 90 Sn 10 

Bell metal Cu 80 Sn 20 | 

Cu 85 Sn 10 Pb 4 P 1 
Hard, txingh and elas- j 
tic; withstands abrasion.] 
Cu 97*5 Sn 1 Zn 1 Si 0-5 

Cu 88 Sn 10 Zn 2 

Cu 90 A1 10 ^ 

Golden yellow* colour. 
Cu 30 Ni 67 Fe ^ Mn 3 
Rust & acid proof. 


Utensils, castings. 

Ship's propellers, valves, and 
bearings. 

Utensils and in arts. 

Utensils. 

Coins (Cu 95 Sn 4 Zn 1); 

Statues (Cu 90 Sn 5 Zn 4 Pb 1) 

Aerial wires and suspension 
wires valves, bearings. 

Telegraph wires. 

Statues, photoframes, coins, 
and paints.* 

Turbine blades, pumps, cheifti* 
cal apparatus. 


Compounds of Copper 

Copper forms two series of compounds : cuprous compounds where copper 
is univalent, and cupric compouTids where the metal is divalent. Cuprous salts 
are generally colourless and insoluble in water, e,g,, CuCl, whereas the cu{)rio 
salts are usually soluble in water and blue or green in colour, e,g., blue vitriol. 
Most cuprous salts readily oxidise in air to the cupric state. 

Cuprous oxide, Cu^O, a red powder, is formed by the partial 
reduction of a cupric salt in alkaline solution. Red cuprous oxide is 
pricipitated by boiling copper sulphate solution with sodium carbonate 
and sodium sulphite: • 

2 CuSO,+ 2 Na,C 03 + Na2SO, = CujD+BNa^SO^+2CO^. 

But it is usually made by reducing hot Fehling^s solution with 
glucose. 

About 5 gms. of glucose in ac^ueous solution is added to a litre of hoUing 
Fehling’s solution; a yellow precipitate, perhaps of cuprous hydroxide, Cn(OH), 
is first deposited, which readily turns to bright red cuprous oxide. This is 
filtered, washed with hot water and alcohol, and dried in a vacunm desiccator. 
This process is used in estimating sugar. 

Fe]ilins*8 solution is obtained as a deep blue solution by mixing e^ual 
volumes of two solutions, one containing 69 ms. of copper sulphate cmtals m a 
litre, and a drop of H,SO^ to prevent hydrolysis, and the other W ame. of 
j^chelle salt (sodiupi potassium tartrate) and 100 gms. of caustic soda per utre. 
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Cuprous oxide is formed by strongly heating cupric oxide with 
copper powder: CuO + Cu = CujjO. 

It if^ the stable oxide of copper at high temperatures, but when 
heated in air below 1000®, it is converted to cupric oxide ; hydrogen 
reduces it to the metal. Insoluble in water, it dissolves in concen- 
trated HCl, forming a colourless solution of cuprous chloride or the 
complex acid. H^CuC^ : Cu^O + 6HC1 = 2H2[CuCl3] + H^O. 

It dissolves in strong ammonia to a colourless solution if air is 
excluded, otherwise a blue solution results. It reacts with dilute 
sulphuric acid, depositing metallic copper. 

Cup + HaSO^ = Cm- CuSO^ + H3O. 

It readily dissolves in nitric acid with evolution of nitric oxide: 

3CU2O+14HNO3 = 6Cu(N03)3 + 2N0-h7Hj,0. 

It imparts a deep red colour to glass, and hence its use in 
making ruby glass. 

Cupric oxide, black oxide of copper, CuO, is made commercially 
by heating malachite, native copper carbonate. It is also made by 
heating copper scalt, the scourings of copper sheets, to redness. 

CuC 03 ,Cu( 0H), := 2CUO + HP+CO3 ; 2Cu-f O3 == 2CuO. 

Insoluble in water, it readily dissolves in dilute acids, giving blue 
solutions of cupric salts; e.g., CuO + H^SO^ = CuSO^ 4- H3O. 

It decomposes when heated above 1100°, into cuprous oxide and 
(V^ygen: 4CiiO 2CU3O+O2. It is chiefly used for colouring glass 
and glaze green or blue. 

Oxides of copper are readily reduced to metal when heated in con- 
tact with carbon, carbon monoxide or hydrogen: CuO + C = Cu-fCO. 

Cupric Hydroxide, ^ '11(011 ),, is formed as a li^ht blue precipitate by adding 
excess of caustic soda to a solution of 1 cupric salt ; it is insoluble in caustic 
alkali, but sohtfjfe in (xress of ammonia (fivinq a blue solution of rujnri- 

tetraammine hydroxide : Cu(OH), + 4 NH; 0 H -- [Cu(NH 0 + 4 H, 0 . 

Cupric Carbonate. — The normal carbonate, CnCO,, does not exist, but vari- 
ous basic salts are known, e.g., rfzwW/c, 2 CuCO.„ Cn(OH)2 (deep blue); m.alacKiti>, 
CuCOj,.Cu(OH), (bright green). Basic* copper carbonate is obtaim^d as a green 
precipitate by adding sodium carbonate to a solution of copper sulphate. 

Cuprous carbo^iate and hydroxide are unknown. 

Cuprous chloride CuCl or CiioCI.^, is prepared by dissolving a 
mixture of cupric oxide and copper turnings in boiling concentrated 
hydrochloric acid, and then pouring the colourless solution into a 
large volume of cold water (containing a little sulphur dioxide to 
avoid oxidation) when a white precipitate of cuprous chloride is 
thrown down : Cu 4- CuO 4- 2HCI = 2CuCl 4- HjO. 

It may also be obtained as a white precipitate by passing sulohur 
dioxide through a solution containing copper sulphate and ?odium 
chloride until the solution smells strongly of SOg. 

, ; 2CuS0,4-2NaCl4-2H304-S0j, = 2CiiCl4-2NaHSO, + H3SO^. 

In -both cases the precipitate is filtered, washed with cold air-free 
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water, then with alcohol, finally with ether, and dried in a vacuum 
desiccator. 

It is a white solid but is gradually oxidised to green basic •cupric 
chloride, CuCl2 Cu(OH)2.H20, in moist air. 

It is insoluble in water, but dissolves in concentrated hydrochloric 
acid, forming HjCCuClj), and in aqueous ammonia, giving 
(H20 .Cu.NH 2)C1 - the colourless solutions readily absorb oxygen, 
becoming green or blue respectively: CuCl + 2 HCl = H2[CuCl3]. 
4 CuCl+ 4 HCl+ 0 ^ =:2H20 + 4CuCl2. 

Both solutions absorb carbon monoxide, forming the unstable 
carbonyl compound, CuCl,C0,2H20. The ammoniacal solution gives 
a red precipitate of cuprous acetylide, with acetylene (p. 337 ). 

Ammoniacal cuprous chloride solution is used in gas analysis in the 
absorption of oxygen, carbon monoxide and acetylene. 

Cupric chloride, CuClg is made in the anhydrous state as a 
brown mass by passing excess of chlorine over heated copper, or by 
heating the hydrate, CuCl2,2H20, in hydrogen chloride gas at 150 ®. 

Emerald -green crystals of the dihydrate CaCl2,2H20, are obtained 
by dissolving^ cupric oxide in cone. HCl and crystallising the solution. 

It decomposes at a red heat, giving cuprous chloride and 
chlorine: CuO-t- 2 HCl = CuC^+Hp ; 2CuCl2 = 2CuCl;^-Cl2. 

It is very deliquescent, and is soluble in water and alcohol. The 
concentrated aqueous solution is green in colour, the dilute solution 
blue — the colour becomes yellow on the addition of cone, HCl. 

It is readily reduced to cuprous chloride by boiling with copper 
turnings, or by treating with zinc dust, stannous chloride or SOg: 

CuCl^ -f Cu = 2 CuCl ; 2CuCl2 -f- H^SO, + H^O = 2 CuCl + 2 HC 1 + H2SO,. 
2 CUCI 2 + Zn = 2 CuCl 4- ZnClJ ; 2CuCl2 4- SnCl. = 2 CuCl 4- SnCl,. 

Cupric Nitrate is oLtained Jis blue deliquescent crystals of Cu(NO,) 2 , 311^0 
by dissolvirifr metallic copper, the oxide, or the carbonate in dilute nitric acid, 
and crystallising the solution. • 

Copper sulphate, blue, vitriol, 0080^,51120. — Blue vitriol is made 
(i) by spraying dilute sulphuric acid on to scrap copper packed in a 
lead-lined tower up which a current of air is sent ; copper dissolves 
in presence of air, forming copper sulphate: 

2CU + 2H2SO44-O2 = 2 CuS 0 ^ 4 - 2 H 20 . • 

The solution is circulated by means of a pump until sufficiently con- 
centrated and then left for crystallisation in a vat, when crystals of 
blue vitriol deposit. 

(ii) by heating scrap copper with sulphur, and then roasting the mass in air 
the resulting sulphide in order to convert it to sulphate, which is finally leached 
with dilute sulphuric acid and crystallised. 

Cu S = CuS ; CuS 4- 20^ = CuSO^. 

(iii) by the ‘weathering* of copper pyrites which is first gently 
roasted to convert copper sulphide to sulphate ; copper sulphate is 
leached out with water and crystallised. 
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Commercial copper sulphate contains isomorphous ‘ferrous sulphate. It is 

f nrified bv recrystallisation from water containing a little nitric acid, when the 
errous sulphate is oxidised to ferric sulphate which, not being isomorphous with 
copper sulphate, remains in solution. 

On exposure to air the blue pentahydrate effloresces to give the 
trihydrate, and when heated at 100 ® it losses four molecules of water 
Md forms the mohohydr^te, CuS 04 ,Hj 0 ; at about 250® it yields the 
colourless anhydrous salt, which rapidly absorbs moisture to give the 
blue pentahydrate, and hence its use for detecting traces of water in 
gases and non-aqueous liquids. Copper sulphate it completely 
decomposed at 750®, leaving a residue of cupric oxide. 

Copper sulphate readily absorbs hydrogen chloride : CuSO^ + 2HCI »= 
CuCl, +HaS 04 ; the reaction may be used for removing HCl from other gases, 
such as sulphur dioxide. 

Copper sulphate is toxic to lower organisms, and hence its use as a germicide 
and fungicide in agriculture, e.g., vines and potatoes are sprayed with Bordeaux 
mixture (a solution of copper sulphate mixed with slaked lime). It is also used 
in copper plating, in dyeing and calicoprinting, and for preserving wood and 
hides. 

Capper sulphate reacts with potassium iodide solution, giving a 
white precipitate ‘ of cuprous iodide, Cul, (which may be filtered, 
washed, and dried as in preparation of CuCl) and q,uantitatively 
liberating iodine ; the reaction is used in estimating copper : 

2 CUSO 4 + 4KI = 1 2 KaS 04 + 2CuI + 4 

. Copper sulphate reacts with potassium cyanide giving a white 
precipitate of cuprous cyanide and evolving cyanogen gas — the cup- 
» rous cyanide dissolves in excess of KCN forming staole potassium 
cuprocyanide, K 3 [Cu(CN) 4 ]. 

2CUSO4+4KCN = 2CuCN+(CN)2 + 2KaS04 ; 

CuCN+3KCN =K 3 [Cu(CN)J. 

Cupric Sulphide, CuS, is formed as a black precipitate by passix^ 
through an acid solution of a cupric salt. It is insoluble in dilute HCl and 
yellow ammonium sulphide, but is soluble in nitric acid. 

CuSO, + H,S = CiiS + H,SO*. 

In the moist state it is readily oxidised by air to give copper sulphate. 
It is less stable than cuprous sulphide^, and loses sulphur on gentle heating. 

2CuS = CujS -p S. 

Cupric sulphide is formed by heating copper powder with excess of sulphur. 
Cuprous sulphide is a black rolid produced when copper burns in sulphur vapour. 

Detection of Copper. — Dry Tests. — (i) Blow 'pi'pe test, — A copper compound 
mixed with sodium carbonate and heated on charcoal in the reducing name, 
yields a red mass of copper, which dissolves in HNO,, giving oS brown fumes, 
and forming a blue solution of cupric nitrate. 

(ii) Borax bead, — Green when hot and blue when cold after healing in the 
oxidising flame; red in the reducing flame, especially after adding a trace of a 
tin salt. 

(iii) Flame teat, — ^bluish green, especially after moistening with cone. HCl. 
^ before heating. 

' Vet Tests.—- Beactions of the cupric salts : need a solution of cupric sulphate, 
(i) gives a back ppt. from an acidified (with dilute HOI) solution: tfie 
predpUte is soluble in hoi dilute HNO,. (ii) Amiponia gives a pale blue ppt. 
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^ baaic copper sulphate, which dissolves m excess of ammonia giving a deep 
Wttc sdution (p. 230). (iii) Potassium ferrocyanide gives a chocolate precipitate 
of cupric ferrocyanide. 


SUver 

Occonrence.-^ Silver is found native in Norway, Peru and Canada. Important 
ores are : orgentite or silvei* glance, Ag^S ; eiromeyerxte or silver coffer glctnce, 
CugS ; pyrargyrite or ruby silver, 3Ag,S, Sb^S, ; chlorargynte or hom- 
silver, AgCl. Most copper and lead ores, such as copper pyrites and galetta, 
contain small quantities of gold and silver. The principal silver-producinu 
countries are : Mexico, Peru, Ontario, Colorado, and Broken Hill in Australia. 

, Metalliiig^.r-(^e chief processes for the extraction of silver 
are : (i) Leaching process : In the modem cyanide process, the ore 
is finely ground in ball mills, and then leached with a dilute (0'4%) 
sodium cyanide solution — t he slud ge being agitated by a stream of 
Metallic silver, silver Sulphide, and silver chloride all dissolve 
giving a solution of sodium argentocyanidc : 

4Ag + 8NaCN + 0^+2H,0 ^ 4Na[Ag(CN)3]+4NaOH. 

Ag^S -f- 4NaCN ^ 2Na[Ag(CN) J + Na^S ; 

AgCl+2NaCN = Na[Ag(CN) 2 ]+NaCl. 

The sodium suphide formed, which tends to reverse the reaction, 
is oxidised by air to sodium sulphate; ^ 

4Na,S + 502+2Hg0 = 2NaaSO^+4NaOH+2S. 

The sodium argentocyanidc solution is filtered from the sludge, 
and the silver precipitated from the solution by the addition of zinc 
or aluminium: 2 NaAg(CN) 2 -f-Zn = 2 Ag+Na 2 Zn(CN) 4 .'’ ^ 

This is filtered, washed, melted with a flux of nitre to oxidise 
away any excess of zinc, and then made into bullion^ -» 

The eilver is also precipitated from the solution by sodium sulphide and 
the silver sulphide reduced by caustic soda solution and aluminium ingots. 

2Na[Ag(CN),] + Na^S = Ag,S + 4NaCN 
3Ag,S + SNaOH + 2A1 = 6Ag + 3Na,S + 2NaA10, + 4H,0. 

In Ziervogel process the sulphide ore is roasted into soluble silver sulphate 
which is leached with water and the silver precipitated by copper. 
AgjSO^ Cu = CuSO^ -f 2Ag. The ore may be converted into silver chloride by 
roasting with common salt; the silver chloride is either leached with hot brine 
(Aagastin process) and the silver precipitated with copper *or with sodium 
thiosulphate solution (Percy — ^Patera process) ond the silver precipitated as Ag^S 
which is then reduced to the metal by A1 and caustic soda : 

AgCl4- 2Na,SA = Na,[Ag(SA).] + NaCl. 

2 Na,[Ag(S, 03 ),] + Na^S = + Ag^S.* 

(ii) Lead procesg. — ^When argentiferous, lead ores (gaiena contain- 
ing 0 01 to O-l®/, Ag) is smelted alone or with •added silver ore, or 
when a silver ore is smelted with lead, the whole of silver is separated 
and collected as an alloy of lead and silver. The silver it contains, is 
concentrated by Pattinson's or Parke's processes and the enriched 
argentiferous lead is then subjected to cupellation in order to remove 
the lead as oxide. 

(a) The Pattisoil’s process depends on the fact that when fused argenti- 
ferous lead (containing less than 2*25 p.c. silver which is present in the eutectic 
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mixture) is cooled, crystals of lead continue to deposit (at a temperature belovr 
the freezing point, of lead, because of its depression by the dissolved 

silver) as the temperature falls, and the residual liquid alloy becomes increase 
ingly rich in silver until the eutectic composition is reached, when lead and' 
silver solidify together at the eutectic point, 303®. 

The process is carried out in a row' of 10 iron pots — the argentiferous lead 
being n;;|elted and allowed to cool at the central pot ; crystals of lead that separate 
are removed by a ladle to a pot to the left, and the enriched liquid alloy to a 
pot to the right. This process of fractional crystallisation is repeated along the 
entire row ot pots, when pure desilvered lead (containing 0'001% Ag) is linally 
pbtained in a pot on the extreme left, and enriched silver-lead alloy in a pot 
Oil the extreme right. The 'rich alloy containing about 1% Ag only, is then 
cupelled. 

In a modification known as Luce-Rozan process the argentiferous lead Is 
melted and cooled by blowing steam through the fused metal and spraying cold 
water on the surface. Wlieii two-thirds of lead has solidified, the liquid (con- 
taining about 2% silver) is run off through a perforated plate and finally cupelled. 
The solidified lead is remelted and the process is repeated until the lead is 
practically free from silver. 

(b) The Parke s process depends on the fact that when argentiferous 
lead is fused with zinc, (i) two immiscible liquid layers separate — an 
upper layer of zinc containing 1’2% of lead only, and a lower layer 
of lead containg 1*6% of zinc only, and (ii) any silver originally 
present in lead distributes itself between the two layers, such that its 
concentration in the zinc layer is 300 times that in the lead layer. 

About 1% of zinc is added to molten argentiferous lead in iron 
pots containing some 25 tons ; the mixture is stirred and allowed to 
cool. The argentiferous zinc solidifies and is skimmed off with a 
perforated ladle. The process is repeated until the lead contains 
about 0*()004% of silver. The desilvered lead contains a little zinc, 
which is removed as oxide by blowing steam through the molten 
metal. 

Tlie skimmings of silver-zinc alloy with mechanically adhering 
lead is heated with carbon to reduce any zinc oxide which may have 
been formed in a fire clay retort, when zinc distils off, leaving a 
residue of 10% Ag and 00% Pb, which is cupelled. This process is 
now used in preference to the Pattison’s method. 

CapeUation. — The enriched silver-lead alloy is subjected to 
cupcllation, a process of more than 2000 years old. The process 
consists in blowing air over the surface of the molten alloy contained 
in a cupel, a shallow dish of< bone ash or cement, placed on the 
hearth of a reverberatory furnace (fig. 188). The lead is oxidised 
to litharge, PbO, which fuses and is blown away by the air blast 
while silver remains unaffected. The last portions of litharge are 
absorbed by the porous cupel, when the bright surface of silver 
flashes out, indicating the end of the operation. The button of silver 
formed is 99*5% pure. 

(iii) Amalgamation process. — The process has been in use in Mexico since 
1557, but is now being gradually replaced by the cyanide method. The wet 
ore is finely crushed, mixed with about 5% common salt, and then well trodden, 
by mules on a paved floor or patio, with successive additions of mercury and 
roasted pyrites, containing cupric and ferric sulphates. The salt and roasted 
pyrites, give cupric chloride, which reacts with silver sulphide, producing silver 



COPPER, SILVER AND GOLD 


409 


chloride^ the latter being reduced to the metal by the mercury : CuSO^ + 
2NaCl = CuCl,-f-Na,S0^; CuCla+Ag,S=CuS+2AgCl : 2AgCl-f 2Hg = Hg,Cl,+2Ag. 
The silver dissolves in the excess of mercury to form an amalgam. 



The amalgam is separated by washing, and tlien distilled to recover the 
mercury. The residue of crude silver is then cupelled 

(iv) Electrolytic process. — The anode slime formed the electro -refining 
of copper, is an important source of silver. This is leached with a mixture of 
sulphuric acijj and nitre to dissolve the copper, dried and then fused in a 
current of air to oxidise the base metals, which then form a elag — arsenions 
oxide volatilises. The molten metal Is finally purified by fused nitre, and then 
cast into ingots which may contain 96®/* Ag, 2 ^/^ Cu, and 2 par cent Au. 

Parting of silver and gold. — The silver made by all the above metho'&s 
invariably contains some gold. They are separated or ^parted' as follows : 

(i) Electrolytic parting. — Tlie ingots of crude silver are made the anodes^ 
in a bath of 2 to 6% silver nitrate solution with about 2% free nitric acid, the 
cathodes being sheets of pure silver. During electrolysis silver dissolves from 
the anodes and is deposited at the cathodes as crystals, which are brushed off, 
washed, melted and cast into bars. The silver so obtained is of 99% purity. 
The gold remains undissolved, and is collected as a spongy mass in bags round 
the anodes; this is melted into ingots. The gold ingots are then made the 
anodes in a hot solution of 4*7% auric chloride with about 10% hydrochloric acid, 
the cathodes being sheets of pure gold. Gold dissolves from the anodes and is 
deposited at the cathodes. 

(ii) Parting by acids. — The cnide silver containing less fhan 20% gold, is 

granulated and then treated with boiling concentrated sulphuric acid, when silver 
dissolves as silver sulphate, leaving a spomgy residue of gold. The solution is 
diluted and the gold filtered off — silver is precipitated from the filtrate by scrap 
iron or copfier. Agj,SO^ -f Fe = FeSO^ -f 2Ag. • 

Properties of sOver. — (i) Silver is a lustrous white jnetal capable 
of taking a high polish ; tough, malleable and ductile, it is the best 
conductor of heat and electricity, 

(ii) It tarnishes on exposure to air due to the formation of a 
black film of silver sulphide by the action of atmospheric hydrogen 
sulphide ; the tarnishing may be prevented by alloying the metal yvith 
cadmium : 4 Ag + 2H2S + = 2 Ag 3 S + 2H2O. 

It is not affected by oxygen, but when heated in air it melts without 
.tarnishing, dissolving more than 20 times its own volume of oxygen which is 
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almost completely ejected daring solidification; the phenomenon is known a» 
the of silver/ 

(iii) It is not attack ed by watcr> by fused caustic alkalis or alkaline 

solutions, or by ammomar 

(iv) Less electro-positive jthan hydrogen, it is insolubl e in dilute 
h^rdrochlojic or sulphuric adds biit it dissolves in oxidiSGig aodsT 
not cone. H^SO^ and nunc acid" of all degrees of dilution : 

2Ag+2H3SO, = Ag,S0,+2H30+S0,; 

Ag+2HN03 ^ AgN03 + H,0+N0y 

Hot cone. HCl slowly attacks silver, forming silver chloride which is soluble 
in the concentrated acid. It is also attacked by gaseous hydrogen chloride. 

(v) It combines directly, when heated, with sulphur and the 
halogens, to form respectively the sulphide, Ag^S, and the halides. 

(vi) It is displaced from its solution by all mejtals, except gold 
and platinum metals: 2AgN03+Cu = Cu(N03), + 2Ag. 

Uses of Silver. — It finds uses in the preparation of silver nitrate, ornaments 
and silver wares; in electrcmlating, in silver mirrors, and coins. Silver crucible? 
are used in alkali fusion. Colloidal silver is used in medicine. 

Silver plating. — Articles of cheaper materials, usually of copper or German 
silver, are covered with a thin adherent film of silver by electro-deposition. The 
article to be plated i^s made the cathode in a bath of potassium argentocyanide 
solution, the anode being a plate of pure silver (p. 129). 

Silver mirrors. — A mirror of silver on glass is made by reducing an ammo- 
niacal solution of silver nitrate with glucose or tartaric acid. 

Expt. — SilveV nitrate solution is added to a solution of sodium potassium 
tartrate (Rochelle salt) in a clean test tube— the white, curdy precipitate formed 
is jvH redissolved in dilute ammonium hydroxide solution. On placing the 
test tube in a beaker of boiling water, a continuous film of bright silver is 
formed on the glass surface. 

Oxidised silver. — 'Oxidised* silver articles are made by dipping in a solution 
of sodium sulphide, in order to cover the surface wjth a pleasant greyish film^ 
of silver sulphide which protects the metal from tarnishing in air. 

Silver alloysL*-" Silver is alloyed with copper, since the pure metal is too 
soft for coinage or jewellery. The proportion of silver in 100 parts of the 
alloy is called the fineness. Until 1919. British silver coin had a fineness of 
925, i.e., 92*5% Ag and 7*5% Cu ; but the standard is now reduced to 50 p.c. 
silver, the rest being nickel and a little copper. 

The assay of silver is done by heating the alloy with lead on a bone ash 
cupel in a muffle furnace, which i« only loosely closed, so as to admit air. 
The copper is converted to its oxide and dissolves in molten lead oxide, which 
is absorbed by the cupel. 

Photography* — The fact that the halides of silver are sensitive to 
light is utilised in photography. When a photagraphic film which 
contains an emulsion of silver bromide in gelatin, is exposed to an 
object in light, an invisible image is thrown on the film by the lens 
of a camera, due to the incipient reduction of the silver halide upon 
which lights falls. The latent intake thus produced is developed by 
immersing the exposed film in a solution of a reducing agent, such as 
potassium ferrous oxalate, which reduces .the exposed silver halide to 
bladk metallic silver: K^Fe* ’(CjiOJa-f AgBr = KFe’**(C304)3+Ag-f KBr. 
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The developed image contains metallic silver and silver bromide. 
It is made stable to light by fixing, i.e., by dissolving out the un- 
changed silver bromide in a bath of sodium tliiosulphate, also called 
‘hypo* ; a negative is thus produced, in which the light and shade of 
the image are reversed# Developing and fixing are done in •a dark 
room having a red light. AgBr+2NajjS203 = Na3[Ag(S203)3] + NaBr. 

A positive print is obtained by laying the negative on a printing 
paper, covered with an emulsion of silver chloride in gelatin, arRl 
then exposing for some minutes to sun light ; the print is then 
developed and fixed as before. Fixation gives a disagreeable colour 
to the print, hence it is toned, i.e., given a richer colour, by immers- 
ing into solution of potassium aurichloride when some of the silver 
is replaced by gold: SAg-i-KAuCl^ = Au + KClH-3AgCl. Fixing and 
toning are done simultaneously. 

Compounds of silver 

Silver is univalenfc in its simple salts. Complex compounds of bivalent 
silver are known, c.j/., the anodic oxidation of silver nitrate in presence of 
pyridine yields Iho orange-red pyridine compound of argentic nitrate, 
[Ag-4C,HjNj (N'Og'ij, which is an oxidising agent and liberates iodine from 
potassium iodide. Silver salts arc very sensitive to light. ^ 

Silver oxide, Ag,0, is obtained as a dark -brown precipitate by adding 
caustic soda to a solution of silver nitrate — it is dried below 100®, since it gives 
off oxygen at* higher temperatures and is completely dccompos(3tl at 300®. It 
has been used as a source of pure oxygen. 

2 AgN 03 H- 2 Na 0 H = Ag^O-i-ZNaNO.+H.O. • 

It is very slighlly soluble in water, but the moist silver oxide is alkaline 
to litmus, and is used as a base and as an oxidising agent in organic chemistry. 
It readily absorbs COj forming silver carbonate. Tt dissolves in ammonia,* 
producing the ammine hydroxide, (Ag.2Nn,)OH — tho solution on exposure to air 
deposits the explosive silver nitride, Ag,N, also called fulminating silver. 

Silver carbonate, Ag„C'0,, a light yellow powder, is precipitated by adding 
sodium carbonate to a solution of silver nitrate. 

SQver chloride, AgCl, is formed as a white curdy precipitate by 
adding dilute HCl or a solution of a metallic chloride to a solution of 
silver nitrate ; it is coagulated by boiling, filtered, washed with hot 
water and dried — it fuses at 455*. It may also be raade by passing 
chlorine over silver at a dull red heat. 

It is insoluble in water (soliibiliw, 0*0002% only) and in dilute 
acids (inclyding nitric acid). Its insolubility offers a method for the 
estimation of silver (or of chlorides). It is soluble in ammonia, and 
in solutions of sodium thiosulphate and of potassium cyanide: 

AgCl+2NH3 = [Ag(NH0.]Cl ; AgCl-f.2KCN*=-- KfAg(CN) J -f KQ. 

AgCl + 2Na2S303 = Na3[Ag(S,,0,,)2] + NaCL 

It also dissolves slowly in cone. HCl and in concentrated sodium 
chloride solution. It darkens on exposure to light. 

Silver chloride is readily reduced to pure metallic silver : 

(i) by fusion with sodium carbonate in a crucible, when a button of pure 
silver is formed, 4AgCl*f 2 Na 2 C 03 = 4Ag+4NaCl+2C0j,+0, ; 

(ii) by heating in a current of hydrogen, 2AgCl-bH, = 2Ag+2HCl 5 

80 
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(iii) by boiling with a solution of caustic potash and glucose; 

(iv) by placing it in contact with zinc or aluminium in dilute hydrochloric 
acid, AgCJ-f-H = Ag-|-HCJ. The precipitated slver from (iii) and (iv) is fused 
with sodium carbonate to form a button. 

Thes^ methods are available for obtaining purc^Jlver from silver coin, the 
latter is dissolved in hot dilute HNO3, when copper nitrate and silver nitrate are 
foniicd. Silver is precipitated as silver chloride from the hot solution by a 
slight excess of dilute HCl, filtered, washed with hot water until free from 
acid, dried, and then reduced above. 

Silver nitrate, lunar caustic, AgNOa, is prepared in transparent 
crystals by dissolving silver in hot dilute HNO- and concentrating the 
solution to crystallisation: Ag+ 2 HN 03 = AgN 03 +N 0 jj+H 20 . 

It melts at 217“ and may be cast into sticks. It is freely soluble 
in water — the solution slowly darkens on exposure to light. The 
solution gives brown precipitate of silver oxide, AgoO, with ammo- 
nium hydroxide solution, soluble in excess of the precipitant — the 
amrnoniacal solution on evaporation yields the crystals of the 
amminc [Ag. 2 NH 3 ]N 03 . 

2 AgN 03 + 2NHpH = 

Ag^O-i-dNH.OH == 2(Ag.2Nn3)0H+3H30. 

Solid silver nitrate however absorbs ammonia gas, forming the comjiound 
AgNOj,, 3 NHv Ifc reacts with potassium cyanide solution, forming potassium 
argento cyanide (p. 129 ). 

AgNO^ + 2 KCN r. lC[Ag(CN)J + KNO3 

It exercises a strong corrosive action upon organic .tissues, which 
it stains black owing to its reduction to the metal in fine state of 
division. It decomposes at a dull red heat, about 500“, to silver nitrite 
and finally to the metal thus: 

2AgN03 = 2AgN02+02 ; 2AgNO, = 2AgH-2N0 + 03. 

But its decomposition jwint is much higher .than that of copper 
nitrate, a fact which provides a method for preparing silver nitrate 
from a silver coin. The coin is dissolved in HNOg, and the solution 
is evaporated to, a residue of AgN 03 and Cu(N 03 ).j, which is heated 
to 250“, then treated with water and filtered from .the insoluble copper 
oxide — the filtrate is crystallised for silver nitrate. 

^ 2Cu(N03)2=2Cu0 + 4N03+03. 

It is used as a caustic in surgery under the name of lunar caustic; in 
the preparation^ of silver halides used in photography ; as a reagent in the 
laboratory; in silver plating and silver mirrors; for making linen. 

Silver sulphate, Ag,.SO^, is formed by heating finely divided silver with 
concentrated sulphuric acid. 2Ag4-2H2S04 = Ag5jS0j+2Il20+S02. 

It is sparingly soluble in water. It is reduced to the metal by strong heat ; 

AgaSO^ = 2Ag+S02“h02. 

Silver sulphide, Ag2S, is precipitated as a black substance by the action 
of HjS upon a solution of a silver salt. It is also formed by lieating silver 
with sulphur or in hydrogen eulphido. It is insoluble in dilute acids, sodium 
thiosulpiiate and ammonia but dissolves in potassium cyanide solution — hence 
the of cyanide in hrightening the surface of tarnished silver wares. 
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Detection of Silver. — ^Dry test*: When a silver compound is heated with 

sodium carbonate on charcoal) a lustrous white malleable bead rcsulLS) this is 
readily soluble in nitric acid. 

Wet tests. — A solution of silver nitr.*ite is used : (i) Dilute HCl gives a white 
curdy precipitate of silver chloride, which is insoluble in nitric acid b^t readily 
soluble in ammonia. * 

(ii) Potassium chromate solution gives a red precipitate of silver chromate, 
which is insoluble in acetic acid : 2 AgN 03 -hKaCr 0 ^ AgadrO^+SliNO.,. 

Gold 

Cold is the most anciently known of metals. Gold ornaments have been 
found ill the neolithic remains of ancient Egypt and Babylonia. 

Occurrence. — Gobi is widely distributed m nature. It usually occur.s iiative, 
'either in alluvial sand and gravel deposits or in quartz veins. Traces are found 
in pyrites. It is found in small amounts as tclluride, AuTe. 

The richest gold fields are in Africa, ebpccially the Transvaal. Other 
important sources arc North America, Australia, Canada, Russia, Korea, Hungary, 
and India — the Kolar gold fields in Mysore State deserve special mention. 

Gold occurs in traces of 0*01 to 0*C5 mg. per cii. in. in seawater. 

Metallurgy. — (i) Washing and amalgamation process.— Native 
gold occurs in alluvial sand and gravel deposits as grains or as nuggets. 
It is extracted from jthe deposits by washing with, water in agitating 
pans or in sluices — the hard deposits arc l)roken up by powerful jets 
of water {I'tydrauUc mining) projected on to them. The running water 
carries the grains of gold together with much sand and clay, etc., in 
suspension, 1iic suspension passts through long slightly inclined 
wooden trough with liattcns across the bottom when the lit^it 
\’,orth]c;.s material is carried «tway and the heavy gold (density 19‘43) 
particles sink to the bottom of the troughs and caught by battens. * 

The liard aiirirorous quartz and recks are crushed by jaw crushers and 
then powdered in slumps or ball mills. \ stream of walcsr carrying the slime 
from mills is jKisscd over amalgamated copper plates which arrest the gold 
partich’s, while the gangue parses off. The amalgam is scraped out and distilled 
in iron retorts, and llu? residue finally cupelled to obtain the gold. 

(ii) Cyanide process (MacArthur and Forrest process). -The auri- 
ferous rocks are usually treated by the cyanide process. Tlic ore is 
lincly crushed in stamn mills and placed in vats with false bottoms 
and percolated with dilute (Olo per cent) sodium cyanide solution 
— sometimes the slimes arc agitated* in tanks with tlic cyanide solu- 
tion. Tl\c cyanide solution is made alkaline by adding lime. Gold 
slowly reacts with sodium cyanide in presence of air, forming sodium 
aurocyanidc which passes into sedution: • 

8MaCN + 4Aii-f2H„0+0„ = 4Na[Au(CN),] + 4NaOH. 

After settling or filter pressing, the clear solution of sodium auro- 
cyanide is run through boxes filled w4.th zinc shavings, when gold 
deposits as a black slime. The slime is melted with a fiux in 
plumbago crucibles and then refined. 

2Na[Aii(CN)2] + Zn - 2Au + Na,Zn(CN),. 

The ‘tailings* from amalgamated plates which still (‘ont^ins some gold are 
also treated by the cyanide jirocess. 
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(iii) Chlorination process. — The auriferous pyrites are roasted and treated 
with chlorine — the auric chloride is leachod with water and the gold precipitated 
by ferrous sulphate : AuCl^+SFeSO^ = Au-hFeCl34-Fej(S04)a. 

Refining. — Crude gold contains silver, copper and sometimes lead. Lead, 
if present is eliminated by cupellation. Copper is removed from gold bullion 
by oxidising fusion with borax and nitre. 

Silver and gold are separated by boiling the granulated alloy with con- 
centrated sulphuric acid in a cast iron pot, when silver alone dissolves — the 
residue of gold is melted and c^st into ingots. The process is called 2 ^arting. 

For parting the alloy must not contain more than one- third of gold, other- 
wise silver is not dissolved. When tho alloy contains more, it is melted 
with silver so that it contains one-quarter its weight of gold, and lienee the 
process is called quaitation. Parting is also carried out with concentrated uitrio 
acid. 

Uses of gold. — (i) Gold is used in ornaments and coinage. Pure gold is 
too soft and is, therefore, alloyed with copper or silver or both, for the above 
purposes. 

Tho fineness of gold is expressed in carats, pure gold being 24 carat, and 
the five standard alloys are 22, 18, 15, 12 and 9 carat, i.e., parts of gold in 
24 of alloy. 

(ii) Gold also finds use in gilding, i.e., covering a base metal with a thin 
layer of gold, usually by electrolysis. Gold plating is made by electro-deposition 
from a bath containing potassium aurocyanide (p. 129). 

(iii) Purple of Cas^us is used for making ruby glass. Purple of Cassius 
is obtained as a purple powder by precipitating gold chloride with stannous 
chloride — it consists of hydrated stannic oxide with finely divided (colloidal) 
gold adsorbed on it. The formation of purple of Cassius is utilised as a 
sensitive test for gold. 2AuCl3+3SnCl3-f 6H3O = 2Au-f3Sn03+12IICl. 

Properties. — (1) Gold is tlie most malleable and ductile (and can be beaten 
into leaves 0*00009 mm. thick — gold leaves transmit green light), rather soft 
ipetal with a beautiful yellow lustre and a high sp. gr. of 19*3, and is a good 
conductor of heat and electricity. 

(ii) Gold is a noble metal. It does not tarnish in air. It is iinattacked by 
oxygen or any single acid except selenic acid which dissolves gold, nor is it 
attacked by alkalis— fused alkalis and nitrates or sodium peroxide, however, 
attack it. 

(iii) Gold is attacked by tho halogens, and therefore by aqua regia which 
yields chlorine and converts gold into chlorauric acid : 

2Au + 3C\, + 2HC1 = 2H[AuCl4]. 

Gold slowly dissolves in potassium cyanide solution in presence of air, giving 
potassium aurocyanide, K[Au(CN)j]. 

Gold compounds 

Gold forms two series of compounds — aufovs compounds, all sparingly soluble, 
in which the gold is univalent, and auric compounds in which it is tervalcnt. 

Auric chloride, AuClg. — Gold dissolves in aqua regia to a yellow 
solution which on concentration yields yellow crystals of hydrated 
chlorauric acid, HAuCl 4 , 4 H 30 . 2Au-h3Cl2+2FICl = 2 H[AuCl 4 ]. 

These lose hydrogen chloride at 120" to form deep red crystals 
of auric chloride, AuCl^. 

The chlorauric acid, commonly called 'gold chloride’, is soluble 
in wpter, alcohol and ether. Its solution is readily reduced to metal 
by hydrogen or by exposure to light (and hence its use in photo* 
graphy for toning the prints). 
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It forms salts, e.g., light yellow crystals of 2IC[AuCl^].H30 on treatment 
with concentrated HCl and KCl ; colourless crystals of potassium auricyanide 
K[Au(CN)J with potassium cyanide. 

Aurous chloride, AuCl — It is an msolul)le yellow powder formed 
by heating auric chloride at 175®; AuClg = AuCl + Clj ; at higher teni- 
peraturcs it decomposes into gold and chlorine, but with water it 
gives gold and auric chloride: 3AuCl = 2 A 11 + AUCI 3 . 

Aurous chloride forms potassium aurcA:hloridc KIAuClj]. 

Aurous hydroxide, AuOH, is precipitated as a violet powder by the ficdon 
of cold dilute alkali upon aurous chloride. It is a very weak base. At 200* C 
it is said to form violet-grey aurous oxide, Au^O (which may bo a mixture of 
gold and auric oxide, AujOj). 

Auric hydroxide, Aij(OH) 3, a reddish-brown powder, is formed by the action 
of alkali on gold chlorido IIAuCh. It is a very weak base. At 150* it forms 
auric oxide, Au^O,. Both the oxides are unstable, and yield metallic gold and 
oxygen on gentle heating. 

Fulminating gold, an olive-green powder, is made by digesting auric hydroxide 
with ammonia. It is formulated as HN = Au — Nilj,3/2H20. When dry it 
detonates violently when heated or struck. 

Au(OH )3 + 2NH3 = HN = Au-NH, + SH^O. 

Potassium aurocyanide, KAu(CN)j, is made by dissolving fulminating gold in 
boiling potassium cyanide solution ; it separates as colourless crystals on cooling. 
Potassium a«rooyarude is used in gold plating . 

KAu(CNh^==^K+ + Au(CN)',; AulCN)', Au+ + 2CN' 


Exercises 


1. Give the names and compositions of the chief ores of copper, and explain 
the chemistry of the extraction of the metal from its sulphide ore. Write 
equations, stating condition.s, for the actions of nitric and sulphuric acids 
upon metallic copper. Mention the uses of the metal and its alloys. Starting 
from copper how you would prepare a sample of cuprous chloride? 

Madras '49, 

2. How is blue vitriol produced from scrap copper? How w’ould you 
obtain pure copper sulphate from blue vitriol "containing, traces of ferrous 
sulphate? Starting with copper sulphate, how may (a) metallic copper, (b) 
cuprous oxide, (c) cuprous chloride, (d) cupric chloride, be j^repared? 

• Calcutta '46. 

3. Explain the changes that take place when a solution qf copper sulphate 

is treated with (a) sodium chlorido solution in presence of sulphur dioxide, 
(b) scrap iron, (c) potassium iodide, (d) caustic soda solution .in presence of a 
reducing agent, (e) ammonia. Cambridge 1st M^,B. 

4. Mention the principal sources of silver. Describe a method for the 

extraction of silver from argentiferous lead. How is the metal obtained in a 
pure condition? How can a coating of silver bo applied on the surface of a 
metal and glass? J], P. Heard *42. 

6. Explain what happens when : (a) ammonium hydroxide is added to 
silver nitrate ablution, (b) silver glance is treated with sodium cyanide eolution, 
{c) copper scrap is treated with dilute sulphuric acid in a current of air, (d) 
air is blown over the surface of molten argentiferous lead, (e) a mixture of 
copper filings and black oxide of copper is boiled ^ with stong hydrochloric 
acid, (f) silver chloride is treated with metallic aluminium in dilute sulphuric 
acid. 



470 


INTERMEDIATE CHEMISTRY 


6. Write notes on recovery of gold from an alloy of gold and silver. 

Bombay *65. 

7. What happens when a solution of silver nitrate is treated with (a) caustic 
soda, (b) potassium cyanide, (c) ammonium hydroxide? How are pure silver 
and silver nitrate made from a silver coin containing Ag and Cu? 

Madras *49. 

8. Write notes on photography, cupellation and desilverisation of lead. 
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Iron, cobalt and nickel 

The triad of transitional elements (p. 163) Fe, Co, and Ni belongs to eighth 
group in the periodic table. 



At. no. 

At. wt. 

Density 

At. vol. 

M.pt.‘*C 

B. pt.®C 

Iron 

26 

55-85 

7-86 

7*1 

153*9“" 

’2456“ 

Cobalt 

27 

58-94 

8-8 

6-7 

1478“ 

2900“ 

Nickel 

28 

68-69 

8*8 

6-7 

1452“ 

2900“ 


The metals usually occur togetlier in nature. They are hard, greyish- white 
metals with high deii.sities and high m.ps, and lov/ atomic volumes. They are 
magnetic and possess catalytic properties. They occlude hydrogen. Iron in 

air, but Co and Ni do not and hence (heir use to protect iron from rusting. 

They show variable valency and fonn coloured ions — the colour of bivalent 
ions of Fe, Co and Ni are pale green, red and green respectively, and the colour 
of trivalent ions of Fe and Co are yellow and blue respectively. Ferrous salts 
arc not very stable and gradually pass into stable ferric state. Cobaltous salts 
are stable wdiereas the cobaltic salts are very unstable. Nickelous salts are very 
stable — ^nickel is exclusively bivalent and forms no nickelic salts. 

Iron 

History. — Because of its manifold .applications, iron is by far the most 
important metal. It camo into general use at a very early date in human history, 
and gradually displaced bronze, v/hich was in use as early as 3000 H.C. The 
famous iron pillar at Delhi, remarkable for its freedom from rust, which was 
probably built about 300 A.D., bears testimony to the fact that iron smelting 
reached a high level of perfection in ancient India. 

Occurrence.— Native iron is rarely found, except in meteorites — the most 
notable deposit being at Disco Island, Greenland.^ The most important ores^of 
iron are : red haematite, ; brown haematite or limonite, 2FOaO,„ 3HjO ; 

magnetite, Fe.,Oj; and sjxit/ioae or S|iathic iron ore or aideritc, FeCO.,. Iron 
pyrtteSj FeSa is important as a source of sulphur — burnt pyrites, chiefly ferric 
oxide, may be .smelted for iron. 

Huge deposits of iron ores, chiefly hiematite, are found in Maurbhunja, 
Keonjhur, Singhbhum, Mysore, and elsewhere in India. Principal iron producing 
centres in Indi.n, are .Tairisbcdpur in Bihar, Kulti and Burnpur in West Bengal, and 
Bhadrabati in Mysore. Huge iron smelting projects liave recently been started 
at Ilourkclla (Orissa), Vilai (M.P.) and Durgapur (West Bengal). The Indian 
hesmfatite ores contain 60 to 66 per cent of iron on an average. 

Metallurgy.— The iron ores which contain much sulphur, phos« 
phorus and arsenic are not suitable as sources of the ifeetal as these 
impurities would render it brittle and unworkable. Iron is extracted 
from its oxide and carbonate ores only (burnt pyrites which is chiefly 
oxide, is sometimes used) by reduction with carbon in a blast 
'fbfnace. Tlxe process is carried ouj in two steps: 
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(j>^]^liiiiinary roasting or calcination. — The ore is burnt^ with 
a little coal in heaps or 
in s hallow "*^iln s in^ 
order to drive off most • 
of the moisture, carbon 
dioxide, sulphur and ar- 
senic ; ferrous oxide is 
converted to ferric oxide 
to avoid the formation 
of ferrous silicate in 
the slag during smelt- 
ing. llic ore is also 
!rendercd porous. The 
roasted mass contains 
ferrix oxide, FegO,. 

'Smelting or re- 
duct^n in the blast fur- 
nace.— The roasted ore 
is mixed with coke^ and 
(flux) and 
o the blast 
189), where 

ixide is re- Fig. 189 

diiced to irop. 

• ^ 

The blast furnace a cylindrical, vertically placed shaft im.de of steel plates 
lined internally with refractory firebricks, and about 50 — 100 ft. in height and 
15-20 ft. in diameter. The furnace broadens slightly from the top downwards, 
reaching the broadest point (about two-thirds of the way to the ground) at the 
boshes^ and then narrows gradually to a hearth (about 10 ft. in diameter and 
the same height) at the base. The hearth is provided with two plug holes, stopped 
with clay, for letting out the molten slag and iron respectively, the slag hole 
is at a rather higher level than Uic tapping hole for iron. A little above these 
plugs the hearth is pierced with a set of holes through which are inserted the 
nozzles of water-jacketted iron blowing pipes, called toyeres. The month is 
closed with a cup and cpne device meant for introducing the charge into the 
furnace. 

The furnace is started by burning piles of wopd inside, and a 
mixture of roasted orc^ luird coke, and Jimestone is intermittentl y fed 
into the furnace by means of the .cup and cone devicc^the charge 
consists ^of 1 ton of col<c and 10 cw t. of li mesto ne to 24 tons of 
or^ which produce 1 ton of cast iron . (A blast of -dry (by "passing 
over silica gel) air, prclieatcd to about 8 (XI'*C. is forc^ji into the base 
of the furnace through the tuyeres. The coke burns m the air blast 
to carbon monoxide and raises the tcmpcraliure to about 1500®C. 
2 C + O 3 = 2CG. The temperature of the furnace increases continually 
from the miuth (400’) to the hearth (1500®). 

The descending charge of solids meets the current of hot carbon 
monoxide passing upwards when the following reactions take place, 
leading to the formation of iron. 

Above the boshes at about 600®— 900®, the ferric oxide U reduced 
by carbon monoxide to spongy iron. Fc^O^+SCO 2Fe^&COy 


limestone 
charged ini 
■furnace (fi^. 
the ferric*^ ( 
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l^ui the reaction being reversible, the reduction is not complete 
at this stage. The spongy iron abstyfis sulphur from the fuel . The 
limestone in jhc charge is dccomposcomto Erne and carbon dioxide. 

CaC03^Ca0 + C0a. 

Near the centre of the furnace ,at about 900% the reaction: 
2CO CO 2 + C deposits finely divided carbon which completes the 
reduction FcgOj + 3C 2Fe + 3CQ. The phosphates and the manga- 
Cese compounds in the ore, and also a part of silica are reduced to 
phosphorus, manganese and silicon which readily alloy with iron. 

C^(I’04)a+3Si02+5C = 3CaSi03 + 2P+5C0. 

Si 03 + 2 C = Si+‘2C0; MnA + 3C = ‘2Mn+3CO 

The remainder of the silica (the gangue in the ore) combines with 
lime to form a fusible slag of calcium silicate: CaO + SiO^ = CaSiO,. 

At .the hearth of the furnace at about 1500", the iron containing 
carbon, sulphur, phosphorus, manganese, and silicon, fuses — the 
slag floats on the surface of molten iron and thereby prevents its 
oxidation by the air blast. The molten slag runs out from above the 
molten iron. The molten iron is tapped out at intervals into sand 
moulds to form pig iron (or cast iron), or is sent in the molten state 
to steel furnaces. Wie molten Iron is directly cast into V-shaped bars 
called pigs. Cast iron is re-melted pig iron. 

The hob exhaust gases, leaving the funiace by an outlet at the top, and 
having the composition — ^nitrogen 60, CO 24, CO^ 12, and 4 by volume are 
utilised in preheating the air blast in Cow,)er*3 stoves on a regcneiative principle. 
Th,o blast furnace operates day and night lor years "until its Iming wears out. 

The slag finds applications in the reclamation of lajid; for road making; in 
the manufacture of *slag wool' and cement. 

Varieties of iron. — -Three varieties of commercial iron are caH iron, wrought 
iron and steef. 

Cast iron (pig iron). — It contains 2 2 to 4*6 per cent of carbon, together with 
silicon (0'6 to 2 per cent.), manganese (0*2 to 1 per cent.), phosphorus (0*7 per 
cent.), and sulphur (0*3 to 1 per cent.) in small amounts. Carbon may be present 
in the free state as graphite, or in combination as iron carbide, Fe^C (rcmeiitite). 
White cast iron, containing cementite is obtained on rapidly cooling ihe molten 
iron, while on slow cooling carbon separates as graphite giving a product called 
grey cast iron. Cast iron melts at 1200*, and is very hard and brittle, and hence 
is of little value for structural purposes. 

lb, finds uses in making castings which are not subjected to violent shocks 
e.g., fire grates, lamp-posts, railings, pipes, parts of machinery, etc. About three 
t^uarters of the total output of cast iron is made into steel and a small quantity 
into wrought iron.^ 

Wrought iron. — Malleable or wrought iron is very nearly pure iron, con- 
taining only 0*12 'co 0*25 per cent of carbon, and melts at a higner temperature 
(1400® to 1500®) than castaron. 

It is made by oxidising away the carbon and other impurities in eftst iron by 
melting the latter on the bed of a reverbcratoi'y furnace, lined with haematite, 
Fc, 03. In order to bring the iron into intimate contact with the lining, the 
molten mass is stirred or puddled with a rabble, and hence the operation is called 
puddlliig process. The haematite oxidises the carbon : Fe+3CO, 

the carbon monoxide bubbling through the molten iron causes the'^mtter to sweU 
up and appear to boil. Silicon, manganese, and phosphorus, etc., are oxidised 
i^d pass into the slag. As the impurities are removed from the iron, its melting 
point ^rlses, and it becomes pasty. It is then formed into balls or, **blooms” 
idt&h s^e beaten with steam hammers to squeeze out the slag, and^'llten forged 
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into bars. Wrought iron containing phosphorus is brittle at ordinary temperature 
■and is called cola^skort ; sulphur inaKes the iron brittle at red heat, and is said 
lo bo nd-shorU 

Soft and malleable, it can be easily welded and worked by hammering, and 
hence its uso by the blacksmiths. Fibrous in structure, it has a higjj tensile 
strength. It finds uses in snaking chains, wire anchors, and cores of electro- 
magnets. 

Steel. Steel is an alloy of iron with a carbon content of 015 
(mild steel) to 1*5 per cent (hard steel), k may be made (i) fron^ 
cast iron, (ii) from wrought iron. 

Steel from cast iron. — Steel is produced from cast iron by first 
removing the imfmnties in cast iron, e.g., C, Si, Mn, S, and P, by 
oxidation, and then adding the correct amount of carbon according 
to the quality of steel desired. 

The operation is carried out by Bessemer process or the Siemens^ 
Alar tin open-hearth process. There arc two modifications of each 
process (i) the acid process for the treatment of cast iron which is 
free from phosphorus — the converter or the hearth is lined with silica 
bricks in the acid process ; (i) the basic process for .the treatment of 
cast iron containing phosphorus— in the basic process the converter 
or the hearth is given a lining with calcined dolomite or magnesite. 
Iron containing* phosphorus cannot be treated by *the acid process, 
since an interaction between the phosphatic slag and silica lining 
would occur* 

The Bessemer process (1855).«- 
The process is carried out in a con- 
verter (fig. 190) which is a large pear- 
shaped iron vessel (holding 10 tons 
of metal) with a perforated bottom 
through which a blast of air can be 
forced in fine jets. It is supported on 
two horizontal arms (trunnions) so 
that it can be tilted in a ver.tical 
plane. The converter is lined with 
refractory silica bricks [add lining) or 
- with magnesia and,, lime {basic 
lining.) 

The acid Bessemer process is used to treat cast iron free from, 
phosphorus.. The converter is tilted in a horizontal position and 
the charge of molten cast iron run in through the mouth. The 
blast of air is then turned on, and the converter is swifng into the 
vertical position. • 

Air rises through the molten metal in small bubbles and rapidly 
brings about the oxidation of the impurities— the l^cat of oxidation 
keeps .the metal in the molten state. Silicon and manganese are 
first oxidised and pass into the slag as manganese silicate. 
2Mn-i-Oa = 2MhO ; Si+Oj = SiO^j ; MnO;^!©^ = MnSiOj. Carbon is 
then oxidised to carbon monoxide which burns at jhe mouth of the 
converter with an orange-yellow flame edged with blue. After 6 tp 8 
minutes the drops indicating that the carbon has been removed. 



Fig. 190 
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2C+Oa = 2CO; 2C0+0, = 2C02. 

The converter is again tilted, the blast stopped, and a charge of 
requisite amount of spiegeleisen (an alloy of iron, mangamese and 
carbon) added to the molten iron for deoxidation and recarbunsation-— 
the blast is continued just for a few mofnents to bring about a 
thorough mixing. C and Mn act as deoxidisers in the first instance 
and reduce any oxide of iron that is present — the excess dissolves in 
^ the molten iron to form ‘steel. The molten steel is then poured into 
ladles by tilting the converter, separated from the slag floating on the 
top, and run into moulds. 

Sometimes a little Al or feiro-ailicon is added to molten steel to avoid blow 
holes in the castings due to bubbles of gas which react with the added elements. 

The basic Bessemer or the Thomas-Gilchrist process used to 
treat cast iron containing phosphbrus. A charge of limestone and 
coke is first introduced into .the converter and the blast of air turned 
on. The molten cast iron is then rim in and the blast continued. 

Silicon and manganese are at first oxidised and pass into the 
slag ; then carbon and phosphorus arc oxidised simultaneously ; carbon 
monoxide burns at the mouth of the converter. The air blast is 
continued after the carlmn monoxide flame sinks for the completion 
of the oxidation of phosphorus. The phosphorus pentoxide reacts with 
lime and forms a slag containing calcium phosphate and free lime 
(basic slag). 4P f 50^ = 2P,0, ; 4Ca0 + l\0, = Ca 3 (P 04 ) 2 ,Ca 0 . 

The molten iron is poured out into a ladle, separated from the 
S'teg, (the basic slag must be removed before spiegeleisen is added, 
as otherwise the phosphorus would again pass back into iron), and 
then mixed with a charge of requisite amoun.t of spiegeleisen for 
recarburisation and deoxidation, to form the steel. The basic 
Bessemer slag, also called Thomas slag, contains calcium phosphate 
and is used as a fertiliser. 


Analysis of a sample of cast iron and steel made from it is given below: 

Fc C Si Mu P S 

Steel 99-4 0-18 0*003 0*36 0*02 0*037 

Cast iron . 93*5 1*8 1*4 1*7 1*5 0*10 


The open hearth process (1863-64). — Most of the liigh grade steels are now 

. .t T . 1 .r. ' Xl._ 


made by the open-hearth furna<’e (fig. 191), 



Futnaet gas 
ufl 


Fig. 191 


Molten cast iron is run on the 
hearth which is lined with 
.silica .in the atid process (if 
the iron is free from phos- 
phorus) or with lime and 
magnesia in the basic pro- 
cess (if phosphorus is 
present). Scrap steel and' 
oxide ore of iron (hsema- 
lite) are added to tho 
charge of cast iron — lime- 
stone is also added if the* 
iron contains phosphorus. 
The charge is melted by 
heating the furnace regonc- 
ratively with producer gas. 
—the air producer gas 
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are injected through separate regenerators of chequer brick work used in pairs 
and alternately crossed by the hot exhaust gases end the fuel gases. 

Silipn, manganese, and a greater part of the carbon are oxidised by the 
iron oxide — the oxides of siUcou and manganese producing a slag of manganese 
silicate and carbon monoxide bubbling through the molten air. The rtijnaining 
carbon and phosphorus are oX:idised by the excess of air admitted to the furnace 
— the oxide of phosphorus forming a slag of calcium phosphate, as in Bessemer 
process. 

The molten iron is then poured out into ladles, separated, from the slag 
a charge of s^'piegehisen is added, after the removat of the slag, for reoxidation 
and recarburisation. A littlo A1 or ferro-silicon is added to finished steel to 
avoid blow holes in castings. 

The open hearth process offers several advantages over the Bessemer process s 




the impurities including phosphorus being comqjlfMly eliminated, and hence high 
grade steels are produced. Phosphorus is only inromjdPtdy removed by the 
Bessemer process, (ii) Scrap iron and oxide ore can be utilised ; the open hearth 
process calls for a good deal of steel scrap, (lii) Cast iron from low ^rado ores 
can be used. 

The open hearth operation lasts 8-10 hoiirA and requires the use of fuel gases, 
whereas the Bessemer [Jiocess is com])lctc within 8-10 minutes and needs no fuel. 
About 80% of the total output of steel is made by the open hearth process. 

A combination of the acid Bessemer and llio basic open hcartli is often 
practised for the treatment of phosphatic pig iron, and is known as the Duplex 
process. Electric furnaces arc used for making special hi^h quality steel by 
refining the Bessemer or open hearth steel. 

Steel from* wrought iron. — In the cementation process bars of wrought 

iron arc embedded in powdered charcoal in fire l)rick boxevS set in a furnace, and 
heated at 1000® for about two weeks — hot gases from a grate heat the boxes on 
the outside. Carbon is gradually absorbed, and the wrought irfln is converted, 
without fuAioriy into a product, called blister sted owing to its appearance. ThiS 
may he converted into shear steel (us<*d for cutlery) by forging under a steam 
hammer or into crucible steel (used for liigh-grade tools) by fusion in graphite • 
crucibles. Wrought iron is oase-hardened by heating in contact with carbon, 
when a surface layer of hard steel is formed. Armour plate, is made by case- 
hardening soft steel. An extremely hard surface, used for cylinder bores, etc., 
is formed by nitriding bv heating aluminium steel (containing 1 per cent 
aluminium) in an atmosphere of ammonia at about 450® to 500® C. 

Properties of steel.— The properties of steel depend on the content 
of carbon and on the heat treatment to which it has been submitted: 
Low carbon steels arc soft like wrought iron and are called mild steel 
(O’l to of carbon). I^ow and medium carbon steels arc malleable 
and can be welded and forged like wrouglu iron. Steel has a liigh 
tensile strength. The hardness and tonsilc strength increase, and the 
malleability, decreases, with increasing carbon content. 

The hardness of steel can be modified by proper heat .treatment. 
On being heated to redness and then plunged into cn^ld water it 
becomes extremely hard (hardening of steel). Tlio hardened steel may 
be soltcned to any desired extent by tempering, i.e.. heating it to a 
selected temperature between 230* to 300® and then allowing it to 
cool slowly. The tempered steel possesses the hardness and toughness 
recpjired in razor blades, chisels, saws and springs. 

!^to^lc^n machine civilisation depends largely upon the numerous applications 
of iron and steel. Steel, for example, ia used in making machine tools, imple- 
ments of war and agriculture, rail lines, locomotives, cutlery, and magnets, etc. 

Alloy steels.— Steels containing other metals alloyed with iron are known 
as alloy steels. The metals extensively used in alloy steels are Cr, Mn, Ni, V, W, 
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Mo and Si. Tho alloying metals^ iisnally added as ferro alloys, e.g., ferrochrome 
and ferromanganese, to tho molten iron during recarburisation, imparts special 
properties on steel. Tho alloy steels are generally made in electric furnaces. 
Few alloy steels aro : 


1 

Name 

Alloying metal 

Properties 

. 

Uses. 

1 

^Nickel steel 

3-25% Nv; 

0-2— 0-5%C 

High elasticity and 
ductility. 

Structural purposes. 

Invar 

35 per cent nickel 

Low cocllicieiit of 
expansion 

Pendulum rod; 
metre scale. 

Platinite 

46 per cent nickel 

Same coefficient of 
expansion as glass 

Glass to metal 
seals ; electric 
lamp bulbs. 

Mauganesc-stcel 

12-13% Mn; 
0*9-2%a 

Very hard ; resist- 
i ant to wear 

Jaws of rock 
crushers. 

Chrome steel 

0*5 — 2 per cent Or. 

Very hard; high 
tensile strength 

Rail bearings; 
dies; hies. 

Chrome-nickel 

4% Ni; 2% Cr; 

High elasticity & 

Annour plates ; 

steel 

0-33%C 

tensile strength 

motor cars. 

Stainless steel 

10— 15j(> Or; 

0-3%‘C 

Resists corrosion; 
rustless iron 

Stainless cutlery; 
valves ; turbine 
liarts. 

Chrome-vanadium 

0-7— 1*4% Cr; 

High tensile 

Automobile axles 

steel 

0*4 — 0*25 per cent 
vanadium 

strength ; resist- 
ance to stresses. 

and springs. 

High speed tool 

18% tungsten; 

Retains temper & 

High speed lathe 

steel 

5%Cr;0-3%V; 
0-7% C. 

hardness at red- 
heat 

tools. 

Jluriron, tant iron, 
ironac 

Allegheny 

About 16% Si 

17-20% Cr;7-10% 
Ni;0*5% 0; 

0'5% Mn. 

Resistant to acid 
corrosion 

High resistance to 
corrosion. 

Acid-resisting 

vessels. 


Mischmetal (mixed metal) is an alloy of iron with about 70% cerium and 
smaller amoimls of other rare earth metals (sucli as lanthanum) ; when sparked 
it gives hot sparks which will kindle petrol vapour or coal gas, and hence its 
use in automatic gas and cigarette lighters. 

Comparison of different varieties of iron. — Tho properties of iron depend 
largely upon the content of carbon. The properties of cast iron, steel and 
wrought iron are as follows : 


Properties 

Cast iron 

steel 

Wrought iron 

(i) Amount of carbon 
(ii) Melting 
^iii) Hardness 
(iv) Brittleness ! 

malleability 
'(v) Tempering 
^(vi) Welding 
(vii) Magnetisation 

2-2-4-5% 

1200'’ C 
■Hard 

Brittle 

Cannot be tempered 
Cannot be welded 
Cannot be perma- 
nently magnetised 

0*15 to 1-5% 
1300'’— 1400*0 
Hard and soft 
Malleable /brittle 

Can be tempered 
Can be welded 

Can be permanent- 
ly magnetised 

0-12 to 0-25% 
1500®C 

Soft 

Malleable 

Cannot be tem- 
pered. 

Can bo welded 
Cannot be perma- 
nently magnetised. 


The Rusting of iron. — On exposure to ordinary moist air commercial iron 
t>ecoTnes covered with a reddish-brown deposit of hydrated ferric oxide, mainly 
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2 Fe 203 . 3 Hj 0 , ^own as rust. An impurity in the iron is necessary to cause 
rusting-^ure iron does not rust. It has been shown that the initial step in 
rusting is an electrolytic process — different parts of a specimen of iron act as 
poles of voltaic cells, the impurities setting up centres of rusting. At tho anode 
iron passes into solution as ferrous irons, Fe++, while at the calhodo hydrogen 
ions (from the water : HjO - — H'*'+OJl-) arc discharged. ^ 

Iron dissolves A t cathode 2H + + 28 = 

At anode Fe — ^2e = Fe++ Hydrogen liberated. 

For rusting to occur, the presence of liquid water and oxygen are essential;^ 
the water supplies the hydrogen ions, while the oxj^en acts as a depolariser in 
oxidising the nascent hydrogen at the cathode^ to water. 

The ferrous ions, Fc++, which pass into solution as tho initial slop in 
rusting and tho hydroxyl ions, OH- (from water), corabino to form ferrous 
hydroxide, which is then oxidised by the air and deposited as hydrated ferric 
oxide. 

Fo + 2H+ = Fc++ -h ; Fc++ 4- 20H- = Fe(On), 

2Fe(OH), + 0 = + 11,0 

Busting is greatly accelerated by carbon dioxide (since carbonic acid 
furnishes the H+ ions) and metallic .•‘alts such as dissolved chlorides in the 
water, but it is retarded by alkalis. Hence the factors which influence rusting 
in moist air are : (i) the purity of tho iron and the nature of its surface, (ii) the 
presence of dissolved substances in the water. Metals such as chromium and 
nickel which form solid solution with steel render it rustless. 

Iron is usually protected from rusting by metallic coatings, e.g. tinning, 
galvanisation, nickel-plating, chrornium-phiti)ig, etc. and by coatings of paints, 
varnishes, lacqudrs, enamels, coal tar, asphalt etc. 

Properties of iron, (i) Pure ivop. is a soft white metal which is 
highly tenacious, malleable and ductile. It is magnetic, * , 

Pure iron may he ghtained by electrolysis of an aqueous solution of ferrous 
chloride at 110® or by reducing ferric oxido in hydrogen at 1000® — reduced iron 
is pyrophoric. 

(ii) Stable in dry air, it rusts in moist air. It burns brilliantly in 
oxygen when heated to redness, throwing off sparks of Fe^O^, 

(iii) It is oxidised at a red hear by air or steam to ferroso-ferric 
oxide, FcgO ^ : 8 Fe + 4HyO Fc 30 ^ + 4 H 2 . 

(iv) It dissolves readily in dilute hydrochloric or sulphuric acid to 
give hydrogen and a pale green ferrous salt: HaSO^+Fc = FeSO^ 

+ H 2 . Iron also dissolves in dilute or fairly strong nitric acid (p. 250). 

Passive iron. — Iron is rendered passive liy immersion in concentrated nitric 
acid. Tho pqjssive iron is insoluble in dilute acids and decs not precipitate 
copper from a solution of copper sulphate. Tho passivity is due to* the formation 
of a thin continuous film of FCjO, on the surface of iron ; passivity is removed by 
scratching the metal or by touching it with a piece of active iron* under dilute 
sulphuric acid, or by heating it in hydrogen. ^ • 

Iron also becomes passive in solutions of oxidising acids, e.g., chromic, chloric 
and iodic acids, and by anodic oxidation. 

(v) It precipitates copper from a solution of cupper sulphate: 

CuSO^+Fe = Cu + FeSO^. 

(vi) It combines directly, when heated, with carbon, sulphur, chlorine, yield- 
ing the carbide, Fe,C, the ferrous sulphide, FeS, and the ferric chloride, FeCl,, 
respectively. Iron is not attacked by alkalis. 
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Compounds of Iron 

Iron forms two series of compounds, e.g., ferrous compounds in which the 
metal is divalent^ and ferric compoimds in which the metal is trivalent. Ferrous 
salts gradually pass into the ferric state on exposure to air. 

Fcfl’ous salts are nearly colourless in solution, but usually possesses a green 
tinge. Ferric irons arc almost colourless, but undissociated terric chloride is 
yellow in (.olour. 

'I Ferrous sails are readily oxidised to the ferric state : (i) by atmospheric 
oxygen, especially iii preseiicdT of an acid or hydrogen peroxide. 

4FeSO, + 2H,SO, + O, = 2Fc,(SOJ, + 2H,0 

(ii) by chlorine or bromine, 2FcCl2 + Cl^ — 2FeCl3. 

(iii) by boiling with aqua regia or nitric acid, 

6FeSO, + 3H3SO, + 2IINO3 = 3Fcs(SO,), H- 2NO + AH^O. 

Ferric salts are reduced to the ferrous state : 

(i) by nascent hydrogen In acid solution, e.g., zinc and hydrochloric acid, 
FeCl^ + 11 = FeCl^ + IICI, 

(ii) by hydiogen sulphide or sulphur dioxide, 

2FeCl3 + H^S = 2FeCl3 + 21IC1 + S, 

2FeCl3 + 4- 2II2O ^ 2FeCl3 -h H^SO^ -f 2HC1, 

(iii) by staimouS chloride, 2FCCI3 + SnClj - 2FCCI3 -f SnCli. 

Oxides of iron. — (i) Ferrous oxide, FcO, is obtained as a pyrophoric black 
pov/dv-T by reducing teiric oxide with hydrogen at 500® or by heating ferrous 
oxalate in absence of air FevJ/J^ = FuO 4- CO 4- CO3. 

" (i) Ferric oxide. Fed).,, is prepared by igrnliiig ferric hydroxide or ferrous 

sulphate iti air. 2Ke.SOi = Fe^Os -f- SO, 4- "^O,,. product ohtained Irom the 

sulphate is a ic<l powder and is used under tlio name oF rouge as a pigment 
in cosujetics and as a polishing powder. Ferric oxide is use<l as a pigment 
under the names I'e/tcfin/i red^ Indian red and rtd ochre. ]’"crric oxide occurs 
natinally a.s havmatife and linionitc. 

Insoluble in water, it dissolves in acids to form ferric salts, but the ignited 
oxide is only sparingly soluble. It is a basic oxide, but it exhibits feebly 
acidic properties in forming ferrites, e.g., sodium ferrite, NaFcOj. 

Na3C03 4- Fe303 = 2NaFe03 + CO^. 

(iii) Ferrosoyferric oxide, magnetic oxide of iron, FcjO^, is formed by healing 
iron to redness in air or steam (p. 184). 

It is a black hlroiigly magnetic substance, insoluble in water but soluble 
in acids to form ferrous and ferrir salts, and hence it appears to be a mixed 
oxide of ferrous and ferric oxides, FeO.Fe^O,. Very resistant to the attack of 
clilcirine or oxygen, ii is used as an electrode in electrolysis, and in \irc lights. 

Ferrous hydroxide, Fe{OH)2. is obtained as a white precipitate 
by adding caustic iv)da 10 the solution of a ferrous salt, with absolute 
exclusion of air: FcS044 2 Na 0 H = Na2SO^+Fc(OH)2. 

But on exposure to the air it turns green and then brown as it is 
oxidised to ferric hydroxide. 

Unlike ferric hydroxide, ferrous hydroxide is not completely precipitated 
from the srdution of a ferrous salt by the addition of ammonia and ammonium 
•chloride, and hence the solution of group III A in qualitative analysis is boiled 
with nitric acid to oxidise to the ferric state any ferrous iron that may be 
present. 
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Fenic hydroxide, Fe{OH)3, obtained as a reddish-brown pre- 
cipitate by the addition of ammonia, caustic soda, or sodium carbonate 
to tire solution of a ferric salt. 

2FeCl3 + 3Na^C03 + 3H3O = 2Fc(0H)3 4-6NaCl-f-3C03. , 

It differs from aluminium hydroxide in being insoluble in excess 
of alkali. Hydrated ferric oxide is used in purification of coal gas. 

Ferrous carbonate, FeCO^, is thrown down as a white precipitate on the 
addition of sodium carbonate to the solution of a ferrous salt, with absolute 

^ turns green and finally brown on exposure to air, owning 

to oxidation _ to ferric hydroxide. It dissolves in water containing carbon, 
dioxide, forming ferrous bicarbonate, FelHCOj,, which is readily oxidised to 
ferric hydroxide on exposure to air ; 

4Fo(11C03)3 + 2Rfi + O 3 = 4Fe(OH)3 + 8 CO 3 . 

Ferric carbonate is not known. Ferric hydroxide is precipitated on the 
addition of sodium carbonate to the solution of ferric salt, vide supra. 

Ferrous chloride, FeCh, is formed anhydrous, in colourless crys- 
tals, on heating iron in a current of dry hydrogen chloride or by heat- 
ing ferric chloride in hydrogen: 

2HCl-fFc .= FeCl^+H^ ; 2FeCl3 + H, = 2FcCl,+2HCl. 

The pale green monoclinic crystals of the hydrate, FeCl2,4H30, 

deposit on evaporating a solution or iron in hydrochloric acid. 

• 

Ferric chloride, FeCI^, is obtained in the anhydrous state by 
passing chlorine over red-hot iron. .2Fc-i-3C1.3 = 2FcCl3., It is depo- 
sited in black scales, in. p. 300% which rapidly vaporise on heating ; it^ 
vapour density at 444® corresponds to the formula Fe^Clg. But at 
higher temperatures dissociation occurs: 

Fc^Cl^ ^ 2FCCI3 — ^ 2FCCI2 + CI2. 

It dissolves readily in water — the solution is acidic due to hydro- 
lysis. FCCI3 -I- 3HOH 3HC1 + Fc(OH) 3. I: is also soluble in 
alcohol, ether and benzene. 

It is obtained in solution by dissolving ferric hydroxide in hydro- 
chloric acid or by saturating a solution of ferrous chloride with chlorine. 
The solution on evaporation deposits yellow crystals of the hydrate, 
FcCl3,f3H20. 2FCCI3 + CI2 — - 2FCCI3. Ferric chloride readily libertes 
iodine from potassium iodide solution ♦ 

2FeCl3 H- 2KI ^ 2FeCl3 + 2KC1 + 1^. 

It is used as a styptic, i.e., in stopping blood, in medicine, and as a reagent 
in the laboratory. 

Ferrous nitrate, Fe(N03)2, is best obtained by treating a soluLioli of ferrous 
sulphate witli barium nitrate : FeSO^ 4- — BaSO, + Fe(N03).„ since 

it is difficult to prevent oxidation of the ferrous salt when iron is dissolved in 
dilute nitric acid. On evaporating at a low temperature, green crystals of the 
hexahydrate, F€(N03)j, 6II3O, deposit, which j^rc very soluble in water, but 
readily pass into the ferric state. 

Ferric nitrate, Fe(N03)3, is obtained by dissolving iron in hot dilute 
nitric acid — colourless crystals of Fe(N03)3, 9H„0 separate. It dissolves in water 
giving a brown solution, which becomes colourless on the addition of concen- 
trated nitric acid. It finds use as a mordant in dyeing. 
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Ferrous sulphate, green yitriol or copperas^ FeS04,7H20, is pre- 
pared in the laboratory by dissolving iron in dilute sulphuric acid and 
evaporating to crystallisation ; Fe+HaSO^ = FeSO^+Hg, when pale 
green monoclinic crystals of the heptahydrate deposit. 

It is obtained as .a by-product from tho waste’ liquor of HjS-Kipp (which 
is charged with ferrous sulphide and dilute HnSO^ : FeS+IIaSO^ = HoS+FeSO^, 
by filtering and crystallising the solution. 

It is prepared cominercially by the slow oxidation of marcasite,. 
FeSj, {iron pyrites is stable in air, unless it i.? first roasted) by moist 
air, when ferrous sulphate and sulphuric acid result: 

2FCS2 + 7O2+2H2O = 2 FeSO, + 2 H 2 SO,. 

Marcasite is stacked in heaps and exposed to air and water for 
several days, and then leached with water — the resulting solution is 
neutralised by scrap iron: Fc+HoSO^ = FeSO^ + Hj (ferric iron if any 
is reduced to the ferrous state by the nascent hydrogen), and evaporated 
to crystallisation. 

Properties, (i) It forms pale green efflorescent crystals of the 
heptahydrate, FeS04,7H20, isomorphous with the Epsom salt, 
MgS04,7H20, whilst .the less stable penhydrate, FeSO^SHgO, is 
isomorphous with blue vitriol, CuSO^.fiHjO. It readily turns brown on 
exposure to air, owing to oxidation to ferric sulphate. 

(ii) When heated the crystals lose tlieir water of crystallisation, 
leaving the white amorphous anhydrous salt, which decomposes at a 
red heat, yielding ferric oxide, called rouge, 

2FeSO.j = Fe203 + SO^ + SO3. 

(iii) It is soluble in water — the solution is acid due to hydrolysis: 

FeSO,-F 2 HOH ^ Fe(OH)2+H2SO,. 

The solution readilv passes into the ferric state by atmospheric 
oxidation : 4 FeSO^+ 2ti2S04+ Oj == 2Fc2{SO J3 +2H2O. 

The ferrous sulphate solution absorbs nitric oxide, yielding 
a brown nitroso-compound, FeSO.j.NO. FeSO^-f NO [Fc.NOjSO^. 

(iv) Crystals of ferrous ammonium sulphate or Mohr’s salt, 

FeSO^,tea6, deposit on cooling a hot saturated solution containing equimoleciilar 
proportions of ferrous sulphate and ammonium sulphate. Mohr’s salt is stable 
in air and is less readily oxidised on exposure to air than ferrous sulphate, and 
hence its use in volumetric analysis in preference to the latter salt. 

Ferrous sulphate is used in the ' preparation of writing ink and rouge \ as a 
mordant in dyeing, and as a wccd-killer in agriculture; as a reducing agent. 

Ferric s^phate, Fe2(S04)3, is prepared by heating ferrous sulphate 
with concentrated sulphuric acid: 

2FcSC,-i-2H2SO, = Fc2(S0,)3 + S02+2H20. 

When heated strongly it decomposes thus: 

Fe2(SO^)3 = FCgOg + 3SO3, It forms violet octahedral crystals of 
ferrialum, e.g., (NH4)2S04.Fe3(S0^)3,24H20, which are readily soluble 
in water but are not appreciably hydrolysed. 

FerroDS sidpliatey FeS, is obtained as a black mass by heating iron 
with sulphur: Fe + SsFeS. Commercial ferrous sulphide contains 
free iron. 
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li is formed as a black precipitate by passing H^S through ferrous sulphate 
solution containing sodium acetate or by adding ammonium sulphide to a ferrous 
salt. It dissolves in dilute acids, yielding H^S; FeS+2HCl = FeCla+HaS. 

Iron disulphide^ FeS^, occurs as marcasite and iron pyrites. • 

Detection of iron. — ^Dry tests ; (i) An iron compound, mixed with sodium 

carbonate and heated on charcoal in the reducing flame, yields a black mass of 
iron which is attracted by a magnet. h 

(ii) When an iron compound is heated in a borax bead, the bead becomes 
ysllow in the oxidising flame and bolilt green in the reducing flame. 

Wet tests. — Distinctive reaction of ferrous and ferric iron; used ferrous 
sulphate and ferric chloride solution. 


Eeagents: solutions of: 

Ferrous salt 

Ferric salt 

1. NH^OH or NaOH 

2. Potassium ferricya- 
nide, K3Fe(CN)3 

3. Potassium ferro-cya- 
nido, K,Fe(CN)3 

4. Ammonium thio-cya- 
nate, NH^CNS 

Green precipitate of 
ferrous hydroxide 

Deep blue precipitate 
(Turnbuirs blue) 

White precipitate rapidly 
turning blue 

No colouration 

Reddish-brown precipi- 
piiate of Fe(OH)3. 

No precipitate but a 
brown solution. 

Deep blue precipitate 
(Prussian blue)* 
Bloodrrcd colouration** 


* The Pnissian blue is feme ferrocyanide, Fe^[Fe(CN,]3. 

4FeCl3 + 3K,[Fe(CN)3] =Ve,LFe(CN},]3 + 12KC1.* 

•* The deep red colouration is due to the ferrithiocyanate ion, 
[Fe(C]SS).]'". 

2FeCl, + 6NH,CN8 Fe[Fe(CNS).l + 6NH,C1. 

The ferrocyanidcs. — Potassium ferrocyanide, K3Fe(CN)e, and potassium 
ferricyanide, KjFe^CN)-, contain the stable complex ferrocyanide Fe(CN),'"', 
and ferricyanide Fe(CN}3'", ions respectively, which they yield in solution : 

KJFe(CN,] 4K+ + [Fe(CN)J""; K3[Fe(CN'),] 3K+ + [Fe(CN),]'''. 

The ferrocyanide ion contains bivalent iron, while the ferricyanide ion contains 
trivalent iron. But neither of them responds to the test for iron and cyanide 
ions in solution. 

Potassfum ferrocyanide, K,Fe(CN)3, may be made adHing excess of 
potassium cyanide to ferrous sulphate solution until the precipitate just redis- 
Bolves — the solution deposits yellow crystals of potassium ferrocyanide on 
concentration : FeSO,+ 6KCN = KJFeCCNfj + K^SO*. 

It is usually made from .spent iron oxide of gas works (p. 640) containing 
Prussion blue. The spent oxide is boiled with milk of lime and filtered. The 
filtrate of calcium ferrocyanide, Caj,[Fe(CN}3], is treated with pdiassium carbo- 
nate when calcium carbonate is precipitated and potassium ferocyanide remains 
in solution. Ca3[Pe(0N)3] + 2KaCO, = 2CaC03 + K4Fe(CN)3. 

The filtrate yields yellow crystals of potassium ferrocyanide or yellow prassiate 
of potash, K^Fe(CN)3.3HaO on evaporation. 


When nitrogenous organic matter such as horn and leather clippings is fused 
with iron filings and potassium carbonate, and the mass boiled with water, the 
solution yields potassium ferrocyanide crystals on concentration. 

With excess of ferric salt its solution gives a deep blue precipitate of 
ferric ferrocyanide, called Prussian blue— a test for ferric xroru 

Potassium feiricyanide. K^FefCN)., is made by oxidising jpotassium ferro- 
cyanide with chlorine ; 2K*Fe(CN). + Cl, = 2K3[Fe(CN),] + 2Ktol. 


31 
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Potassium chloride is separated by fractional crystallisation, and dark red 
crystals of potassium f^rricyanide (red prussiate of potoBh) are obtained. 

With excess , of ferrous salt it gives a deep blue precipitate, called Turn< 
bull’s blue, which is identical with insoluble Prussian blue — a teat for ferrouo 
iron. Potassium ferricyanido is an oxidising agent. 

Cobalt Co = 53-94. 

Occurrence. — The chief cc^ialt ores are : smaHite or speiaa cobalt ^ Co As,, 
eobaitite or cobalt glance, CoSAs, found in Ontario, Canada. Cobalt and iiick^ 
usually occur together. 

Extraction. — The ore is roasted to remove As and S as volatile oxides, and 
is then smelted in a blast furnace with fuel and a dux of sand and lime- 
stone — two layers separate : iron passes into the slag in the upper layer, and 
cobalt and nickel arsenide settle at the bottom as speiss. The speiss is roasted 
with common salt. This operation eliminates the arsenic and converts the 
metals into the chlorides. The roasted mass is leached with water, and the 
copper is precipitated from the solution by scrap iron and the iron by bleaching 
powder and chalk. The precipitate is removed by filtration, and the cobalt is 
precipitated from the filtrate as hydroxide by adding more bleaching powder : 

2CoCl, + 2Ca(OH),. + Ca(OCl)Cl + H,0 = 2 Co(OH )3 -f 5CaCl,. 

Nickel in the filtrate may be precipitated as basic carbonate by sodium carbonate. 
The cobaltic hydroxide is ignited and the cobalt oxide Co^O^, formed is reduced 
to metal by heating r/ith coke in the electric furnace. CojO* + 4C = 3Co + 4CO. 

Cobalt is a silver white metal, closely resembling nickel. 

Uses. — (i) In cobalt plating, (ii) In making cobalt steel (35 p.c.) used 
for peimanent magnets, (iii) In making alloys such as Pestel metal or cochrome 
(Cr, Fe, and Co) used for cutleiy, and steHite (Co, Cr, and W) used for 
surgical instruments, and (iv) In making the blue pigment cobalt silicate, 
smMt, 

Cobalt Compounds. — Cobal.t forms stable cobaltous (bivalent Co) 
compounds — cobaltous salts form pink solutions ; cobaltous salts show 
pink, violet or blue colour in the solid state. Cobaltic salts (irivalent 
Co) arc very unstable — only few simple salts are known, e.g., C0F3 
and Co2(SO^)3. 

Cobaltous oxide, CoO, a green powder, is formed by heating hydroxide, 
carbonate or nitrate in absence of air, or by passing steam over red-hot cobalt : 
H,0 + Co = H, *f CoO. When heated in air it forms Co.O^. It dissolves in 
acids to form cobaltous salts. It is used in making blue glass, glaze and 
enamels, and also for decorating chinaware blue. 

Hydrated cobaltic oxide , Co,0^. is obtained as a black mass from cobalt 
solutions by hypochloritoj 

Cobalto-cobaltic oxide, Co^O^, a black powder, is made by heating cobalt 
nitrate or any, cobalt oxide in air. 

Cobaltous hydroxide Co/OPl), is .obtained as a rose-red precipitate by boiling 
cobaltotis salt solution ^ith alkali hydroxide — the precipitate dissolves in ammonia ; 
tho solution absorbs oxygen on exposure to air, forming a pink solution of a 
cohaltcffnmine containing trivalent cobalt in a complex. There are some 
2000 cobalt ammines known. [Co(NH,),]Cl, is a typical example. 

Cobaltous carbonate: C 0 CO 3 . 6H,0 is obtained as a pink precipitate by the 
action of NaHCO, on cold cobaltous salt solution. 

Cobaltous chloride, CoCla,6H,0, dark red deliquescent crystals, is made 
by dissolving the' oxjide or carbonate in hydrochloric acid and ciysiallising. 
It is used as a sympathetic ink, (p. 54). 

^ , Cobaltous aitrate, Co(N0,)s, 6H;3O, is made in pink deliquescent crystals 
fiom a solution of the oxide, carbonate or the metal in dilute nitric acid. 
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Oobalt nitrate solution is used in blowpipe analysis for A1 (Thenard's blue). 
2n (Rinman’s green), and Mg. 

Colmlloiis sulphate, CoSO^, 7H,0 is made in rose-red crystals from a solution 
of Co, oxide or carbonate in dilute sulphuric acid. It is isomorphous with 
green vitriol. It forms double salt with alkali sulphates, e.g., E,S 04 ,doSO^, 6 H,O. 

Cohaltous sulphide, CoS,* is obtained as a black precipitate by passing 
througJi ammoniacal solution of cohaltous salt — ^it is not precipitated by 
from acid solution; but it is not soluble in dilute acids. It dissolves in strong 
HCl or aqua regia. ^ ' 

Complex cobaltic complex. — The most important cobaLtic com* 
plcxes are the cobaltammtnes, the cobalticyaniaes and the cobalH- 
nitrites. The typical examples are: hexaminc cobaltic chloride, 
{Co(NH 3 ),]Cl 3 ; potassium cobalticyanide, K 3 [Co(CN) 3 ] ; potassium 
cobaltinitrite, K 3 [Co(NOa) 3 ]. 

Sodium cobaltinitrite, Na 3 [Co(N 03 )J, is formed by adding 50 per 
cent acetic acid to a solution of cobalt nitrate and sodium nitrite; 
it is precipitated by alcohol: 

Co(N03)3+5NaN03+2HN03 = Na3[Co{N03)e]4.2NaN03 + NO+Hp, 

Sodium cobaltniirite solution is a reagent for potassium salt with which it 
gives a yellow precipitate of potassium cobaltinitrite. 

Detection of cobalt. — Dry teat. — (i) A cobalt compound,* when heated with 
sodium carbonate on charcoal in a reducing flame, yields a grey, feebly magnetic 
mass, (ii) Cobalt compounds give beautiful blue borax bead both in oxidis- 
ing and reducing flames. 

Wet teats. — Solution of cobal salt (i) gives a black precipitate^ of CoS when 
11,8 is passed into its ammoniacal solution; (ii) forms a yellow precipitate of* 
potassium cobalii nitrite K,[Co(NO,)e] with potassium nitrite in presence of 
HdxcesB acetic acid (distinction horn Ni) ; (iii) forms a blue upper layer on 
adding ammonium suljphocyanide and shaking with amyl alcohol and ether 
{distinction from nickel), 

^ Nickel Ni = 68-60 

Occmreiice. — Metallic nickel is found with iron in moteorities. Chief nickel 
ores are : pe nftondife (Ni, Cu, Fe)S, found in Sudbury,’ 'Ontario, and garnieriu 
(Ni,Mg)Si0„xH,O^ found in New Caledonia. Other ores are : smaltite 
(Ni,Co,Fe)As„ niecoMe NiAs, millente NiS, nickel glance NaAsS, and nickd 
bloom Ni,(AsO,),, H,0. 

Metalimgy. — The Sudbury ore is sulphides of Ni, Cu and Fe, 
and contains about 2-5 jj.c. Ni, 1-5 p.oi Cu, and the precious metals 
Ag, Au and Pt, etc. The ore is concentrated by floatation, and the iron 
is then removed by selective oxidation, exactly as in metallurgy of 
copper ; for this the ore is (i) roasted, (ii) smelted with fuel (coke) and 
flux (silica) in a blast furnace to a slag of ferrous ulicate and a crude 
matte of nickel and copper sulphides, still containmg some iron ; the 
latter is therefore (iii) bessemerised, giving a slag of ferrous silicate and 
a refined matte of Cr^S and NiS (composition 66 Ni, 24-80 Cu, Q-l— 0-5 
Fe, 14—7 S). Th e remied matt e is either'roasted and reduced with coke 
in an elearic furnace to moiiel metal (Ni 67, Cu 28, Fe and Mn S) or 
worked for nickel by: ' 

(a) The Mood inrocem which depends on flie formation and subse- 
quent decomposition of volatile nickel carbonyl: Ni-i-4CO^=i^Ni(CO).. 
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(i) The refined matte is roasted to oxides and leached with hoc 
dilute H^SO^ which dissolves out most of the copper oxide but not the 
nickel oxide, which remains insoluble. 

(ii) The oxides of Ni and Cu are then reduced at 300“ to 350* to 
finely divided Ni and Cu by the hydrogen in water gas, which is thus 
enriched in CO. NiO+Hj =: Ni+HgO ; CuO + H^ = Cu+HjO. 

(iii) The nickel is tlicn volatalised aj 60*C in a current of^ CO 
(the enriched water gas from operation (ii) above, is used) as nickel 
carbonyl — copper does not form carbonyl. 

(iv) The nickel carbonyl is then decomposed into Ni and CO at 
180*C in contact with fine nickel granules — nickel is deposited on the 
granules, and CO is used over again for volatilisation in operation (iii). 
The nickel is 99*8% pure. The residue in the volataliser contains the 
precious metals Ag, Au, Pt, c.tc. Copper sulphate is a by-product. 

(b) The Oiford process in which the matto is smelted with coke and salt-cake 
which forms sodium sulphide, and poled when two layers separate — ^the top 
layer of sodium and cuprous sulphides, and the bottom layer of nickel sulphide 
which is separated, roasted to the oxide and reduced to nickel by heating with 
charcoal. 

Nickel is refined by electrodeposition from nickel ammonium sulphate 
solution with a crude nickel block as anode and a pure sheet of Ni as cathode. 
The same process is used in nickel plating. Nickel plating readily tarnishes 
in town air. 

Proparties. — Nickel is a greyish-white, hard but malleable metal 
^capable of taking high polish, Tt resembles iron, thus it is attacked 
\)y steam or dilute acicfs but is unattacked by molten alkalis ; con- 
centra ted nitric acid renders it passive. But it does not rust, and 
hence its use for electroplating. Nickel is slightly magnetic. 

Ni+HjO ^ NiO-hH^ ; Ni+2HC1 = NiCl^+H^. 



used in making 


dairies, 

Oerman ........ — . .. , 

with 36 p.c. Ni, very low coefficient of thermal expansion, 
pendulum, and measuring instruments), mckel coins (Ni 25 On 75). 

Nickel CQinpomids. — Nickel forms stable nickelous salts (bivalent 
Ni) which give green solutions, Nickelic salts (trivalent Ni) are 
unknown {cl Fe !nd Co). 

Nickel mqpoxide, NiO, a green powder, prepared as CoO. VS^ith acids it 
forms nickelous salts. 

Nk&elk qxMe, Ni,0„ a Wack^wder, made as Co.Oj.^ It liberates chlorine 


jr, jiiaae as vyujv..,. * 
from hydrochloric acid. NijOj-f 6 flCl *= ^iClji-f-SHjO-hClj, 

nvdrovide Ni(OH),. It is insoluble in alkali hydroxide but disoslvea 
to of=nil‘ 8 alt’.ol«tion to. a blue solution-the soluUon « not 


oxidised by air or H, 0 , (difference from cobalt). 

Mkkd evtonat^ NiC0„6H,0, green, made as cobalt carbonate, 

Nh&d diloria., NiCl,. bH,0, green deliqu^nt crystals, made from a 
solution of nickel to aqua regia or the oxide in lici, 

aiinhftte NiS0,,7H,0, grecH rhombic prisms, resembles cobalt 
sulphate CoSO^, 7H,0 and also made similarly. It forms the doable salt nickel 
mniiioniom snlphate, NiS 04 ,(NH 4 )jS 04 , 6 H, 0 . 
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Nickel nitrate, Ni(N03),, 6HaO, green deliquescent crystals, made as cobalt 
nitrate. 

Nickel sulphide, NiS, black, resembles CoS and also obtained similarly. 

Nickel carbonyl, Ni(CO^, a colourless poisonous liquid, b.p. 43*8° and 
m. p. —26®, is made by passing CO over finely divided Ni at SO” 
Ni 400 Ni (00)4. When pure, the carbonyl explodes at 60®. 

Ni(CO)4 =s Ni+2CO-4-2C, but when diluted with CO it decomposes reversibly,, 
by heat. Ni(CO)4 ^ Ni + 4CO. • 

Detection of nickel. — ^Dry tests : (a) Blowpi'pa test, — Nickel compounds when 
heated with sodium carbonate on charcoal give a grey mass of alightljr magnetic 
nickel, (b) Borax head test, — The bead is coloured brown in oxidising name, 
and grey in reducing flame. 

Wet tests. — Solution of a nickel salt (i) gives a black precipitate of NiS 
when HjjS is passed into the ammoniacal solution, (ii) gives a red precipitate 
of nickel dimethyl gyloxime on warming when an alcoholic solution of 
dimethylglyoxime is added to the ammoniacal solution (difference from Co), 
This is a delicate test for nickel. The precipitate is filtered, washed, dried at 
110® — ^120" 0, and weighed for estimation of nickel. 

Separation of nickel and cpbalt — The metals are precipitated in group TUB 
as the sulphides which are dissolved by heat in aqua regia or in strong HCl 
containing KCIO3 ; the solution is evaporated to dryness and the residue dissolved 
in water. Potassium cyanide is then carefully added to the solution until the 
precipitate first formed just redissolves. The solution tcontains potassium 
cobaltocyanide and nickelocyanide : CoCl, -f 6KCN = K4[Co(CN),] + ^Cl. 

NiC4 + 4KCN = K3[Ni(CN)J 4- 2KC1. 

On warming the solution with sodium hypobromite (bromine and caustic 
soda) the nickelocyanide is decomposed, forming a black precipita^ of hydrated 
nickel dioxide, NiOj, mainly, while the cobaltocyanide is oxidised to the cobalti* 
cyanide and remains in solution. 

K3[Ni(CN)4]4-2NaOH+0 = 2 KCN+ 2 NaCN+Ni 03 +H ,0 
2K4[Co(CN)J+H30+0 = 2K3[Co(CN),]+2KOH 

Exercises 

1. Name the important ores of iron. Describe the process of making pig 

iron, stating the main reactions that occur. U, P, Board '46. 

Explain the changes involved, if any, when a piece of .iron is dipped in (a) 
strong nitric acid, (b) a solution of copper sulpnate, (c) a solution of ferric 
chloride containing hydrochloric acid. Calcutta '46. 

2. What is the difference in composition between cast iroif, wrought iron 

and steel? Describe their properties and uses. How is steel manufactured by 
the Bessemer process? Madras '49. 

Given metallic iron, how would you prepare from it ferrous sulphate, ferric 
chloride, magnetic oxide of iron and ferric oxide? , Calcutta '69. 

3. Describe the preparation of specimens of anhydrous ferrous and ferric 
chlorides from iron. How is green vitriol obtained commercially, sand what is 
the action of heat upon it. How would you distinguish between ferrous and 
ferric iron? How would you obtain ferric chloride from •ferrous sulphate? 

4. State what changes occur when (i) nitric oxide is passed into ferrous 
sulphate solution, (ii) strong sulphuric acid is cautiously added to a solution 
containing sodium nitrate and ferrous sulphate, (iii) ferrous sulphate solution 
is boiled with strong sulphuric acid, (iv) hydrogen sulphide is passed into ferric 
chloride solution, (v) ferric chloride solution is treated with sodium carbonate 
(vi) ferrous chloride solution is saturated with chlorine, (vii) a solution of ferrous 
sulphate is left exposed to air, (viii) ferric oxide is strongly heated with sodium 
caroonate. 

5. Describe the manufacture of steel from pig iron. What are (a) mild 
steel, (b) hard steel (c) alloy steels? Give the composition and uses of alloy steels. 

Punjab '40. 
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CSuomiiini and Manganese 


Cb^romium and manganese are teamsitional eleinents (p. 163). 



At. no. 

At. wt. 

Density 

At.-vol. M, pt. »C B. pt, *0 

Chromium 

24 

‘ 52*01 

6-74 

7-7 1800* 8200® 

Manganese 

25 

54*93 

7-30 

7-4 1260* 1900‘ 


They exhibit variahlt valency and give colouerd ions— bivalent chromous ion 
is and manganous ion pin%, whereas trivalenb chormic ion ia green and 

manganic ion violet, Chromous salts are very unstable and are oxidised to stable 
chromic salts more readily than ferrous salts. Manganous salts are stable, 
like cobaltous salts^ while manganic salts are extremely unstable. 

Their higher oxides are acidic, thus CrO is basic, Cr^O, amphoteric and 
GrO, acidic, while MnO and Mn^O, are basic, MnO, amphoteric, MnO^ and 
Mn^O, acidic. Chromates are isomorphous with inunganates, e.g., K,OrO^ and 
K,MnO^. 

Acidity of their higher oxides provides the only excuse for their classification 
with sulphur and chlorine. Thus both CrO, and SO, are acidic, and the 
chromate, e.g,, KjCrO., and sulphate, e.g., KjSO^, are isomorphous. Mn,0^ is 
acidic and explosive like CLO,, and perchlorates and permanganates are isomor- 
phous, e.g., KCIO, and KMnO,, 

duromimn Cr = 52*01 

Occamnee. — The principal ore of chromium is chromite or chrome Iros 
etone which ia ferrous chromite FeCr-O^ or FeO, CraOj. It is mined in South 
Africa, Bussia, India and other places" 

Chromite is highly refractory and is made into chrome bricks for furnace 
linings. Most chromium compounds and the alloy ferrochroTne are made from it. 

Extraction* — Metallic chromium is made from chromic oxide 
CtjOj by the thermite process: Cr203 4'2Al = 2Cr+Al303 + 120,000 cak. 

A mixture of dry chromic oxide end aluminium powder is taken in a refrac- 
tory crucible, and a cartridge of barinm peroxide and magnesium powder, provided 
with a fuse of magnesium ribbon, is inserted in the mixture. The reaction ie 
started by igniting the magnesium ribbon. The ‘thermit’ reaction ovolyoa so much 
heat that the chromium melts and collects as a liquid under the alumina. 

PfOperd^— (i) Chromium is a hard but malleable bluish white 
metal that does not tarnish in mr, and hence its use in chrommm 
plating, 

(ii) It decomposes steam, at red heat: 2Cr + 3H30 = 

(iii) It. dissolves slowly in dilute acids, giving hydrogen and a 
chromous salt: Cr;i-2HC1 = CrCl^+H,. 

Concentrated sulphuric acid attacks chromium, forming .the sul- 
phate and sulphur dioxide. Concentrated nitric acid renders chromium 
passive (cf. iron). 

Uses of chromiinii* — Chromium finds uses in (i) special steel industry, and is 
^ployed in the form of the alloy ‘ferro chrome’ of 60 — ^70 p.c. chromium with 
iron, made by reducing chromite with coke in an electric furnace. 

FeCrjO^ + 4C = Fe + 2Cr + 4CO. 

Chromium, steel is extremely hard and tough, and is used in making armour 
idabes, cutting tools, etc. Stainless steel is ordinary steel with 12-<-14 p.c. of 
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chromium, extensively used in cutle^. Steels with 17 — 18 p.c. of chromium and 
7 p.c. OP more of nickel have su^^rior corrosive resistance. Chromium vanadium 
BUtl is extremely hard, and is used in locomotive wheels, axle shafts, etc. 
chromium tungsten steel is used for high speed tools. 

(ii) Making alloys. — ^The alloy nichromo (Ni 60, Fo 25, Cr 16) has a high 

resistance, and is used fois resistance heaters. • 

(iii) Chromium jdaiing. — (Chromium is deposited electrolytically from a solu- 

tion of chromic acid in sulphuric acid — chromium plating resists wear and corrosion 
extremely well, and is silver-white in colour. ^ 

Chromium Compounds. — Chromii>m forms the oxides : CrO, CrjO.,, and CrO,. 

(i) Chromous oxide, CrO, strongly basic, forms, unMable chroinous salts, 
usually blue in colour, containing bivalent ehromiiiTn, and resembling ferrous 
and manganous salts. Chrotnons enlts are readily oxidised to the chromic statCf 
and hence they are reducing agents. 

(ii) Chromic oxide. Cr..O., green in colour, weakly basic and amphoteric, 
forms stable chromic salts, violet ov green in colour, containing trivalent chromium 
and resembling ferric salts. 

(iii) Chromium trioxide. TrO,, dark-red in colour, strongly acidic, forma 
yellow chromates^ and orange red dichromates, containing hexavalent chromium. 

Chromous chloride. — Anhydrous chromous chloride, CrCl,, is 
made as white crystals by passing HCl gas over metallic chromium. 
Chromous chloride in solution is obtained by reducing a chromium 
compound with zinc and hydrochloric acid in abscocc of air ; 

K.Cr^O, BHCl -f 6H 2Ka + 2CrCl, + 711^0 
CrCl 3 {-H - CrCl.+HCl 

On adding zinc and concentrated hydrochloric acid to the orange-red solu- 
tion of potassium dichroniate, the liquid first becomes green (CrOg) and then 
blue (CrCl,). The blue solution thus prepared is added to a saturated solution 
of sodium acetate, when a red precipitate of chromous «icctato is produced. , 

The chromous acetate is dissolved in ice-cold concentrated HCl in a flask 
from which the air is expelled $y hydrogen, and a current of IICI gas passed 
into the solution, when a blue pi'ecipitate of chromous chloride, CrCljjffljO, is 
thrown down. 

It is a strong reducing agent, and is readily oxidised in air to 
chromic chloride. It liberates hydrogen from an acid solution; 
2CrCl, + 2HC1 ^ 2CrCl3 4- 

Chromous sulphate, CrSO^, TH^O, isomorphou.s with ferrous sulphate, is 
obtained in blue crystals by <1issolving the chromous acetate or the metal in 
dilute HaS 04 and cooling, hike the chlojpide, it is a reducing agent. 

Chromous oxide. CrO, is formed as a black powder by exposing chromium 
amalgam in air. Chromous hydroxide formed as a brownish -yellow mass by 
adding caustic soda to a solution of chromous salt, yields chromic oxide on 
heating ; 2Cr(0H)j = Cr^O, -f H^O -|- H,. •. 

Chromic oxide, Cr,0,„ isomorphous with Alfi^ afld Fe^O, is formed a.s n 
green powder by igniting chromic hydroxide or ammonium dichromate. 

(NHJXr.O, = N, -b 4H,0 + Cr.O,. 

The ignited oxide is insoluble in acids, but it may be converted to sodium 
chromate by fusion with sodium peroxide. 

Cr.O, + 3Na,0, -f 11,0 = 2 Na,Cr 04 + 2NaOH 

Chromic oxide is used as green oil paint under the name chrome green. 
This is also used in tinting ^lass and porcelain. QuigneVs green, Cr.Oj^RHjO, 
a pigment, is obtained by fusing potassium dichromate with .boric add. 
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intermediate chemistry 


Chronic hydroxide, Cr(OH)j„ is formed as a pale green gelatinous precipitate 
by the action of alkali hydroxide or ammonia cn the solution of a chromic salt : 

CrCl, + 3NH,OH = Cr(OH), + 3NH,C1. 

It is readily converted to chromate on treatment with sodium peroxide or 
bromine in presence of alkali : 2Cr(OH)3-l-3Naj,Oa = 2NaaCr04+2Na0H+2Ha0. 

Chromic chloride, CrClj, is made in the anhydrous state by pass- 
ing chlorine over a heated mixture of chromic oxide and coke: 

Cr 20 j “h 3CI2 *f- 3 C = 3 CO + 2 CrCl.| 

Tlie crystals thus prepared are insoluble in water and even in boiling con- 
centrated sulphuric acid, bub readily dissolve in water in presence of a trace 
of reducing agent such CrClj, SiiClj, etc., giving a green solution. 

A green solution of chromic chloride may be made by boiling 
chromic acid, CrOj, with concentrated hydrochloric acid: 

2 Cr 03 + 12 HC 1 = 2 CrCl 3 -f SCl^ + 6H3O. 

The solution deposits green crystals of the hydrate, CrCl3,6H20, 
on crystallisation. Tlie hydrate exists in three forms: (i) violet 
lCr(H20)JCl3 ; (ii) light green [Cr(H20)5ClJCl2.H30 ; (iii) dark green 
[Gr(H30),Cl3JC1.2H30. 

Chromic sulphate, Cr2(S04)3, IdH^O, is obtained in violet octahedral crystals 
by dissolving chromic hydroxide with concentrated sulphuric acid, and allowing 
the green solution to stand. 

Chrome alum, K2S04,Cr3(S0j3,24H20, made by reducing 
potassium dichromatc acidified with sulphuric acid with sulphur 
dioxide or alcohol; K^Cr^O^ + H^SO. + SSO^ = K3S0,+Cr2(S0,)3 + H20. 

Potassium dichromate is dissolved in hot water, and then cooled 
and acidified with a little concentrated sulphuric acid. Sulphur 
dioxide is passed into the well-cooled solution until the colour changes 
from orange-red to green, Violet octahedral crystals of chrome alum 
deposit on standing. 

Chrome alum is used in dyeing, calico-printing, and in chrome-tanning. 

Chromium tiioxide, CrO,, is made by adding concentrated sulphuric acid 
to^ saturated solution of potassium dichromate. The dark red crystals of chromium 
trioxide deposit, and are filtered through asbestos. 

K,Cr,0, + 2H,SO, = 2KHSO^ -f 2Cr03 + H^O. 

Chromium trioxide is sometimes called ‘chromic acid* (of which it is the 
anhydride; H^CrO^ is unknown). Its aqueous solution is red and strongly acid. 
It decomposes by ^^trong heat, giving off oxygen : 4CrO, = 2Cr303 + 

An acidic oxide, it forms two scries of salts, the cA-romates (e.g. K^CrO^) 
and dichromatea (fe.g. KaCrjO,), analogous to sulphates and disulphates. 

Chromates and dichromat^ — These most important compounds 
of chromium are obtained directly from chromite. A mixture of 
finely powdered chromite, sodium carbonate and quicklime is heated 
to redness in a reverberatory furnace with free admission of air, when 
the chromium is oxidised to sodium chromate (yellow in colour) and 
the iron to ferric oxide — the addUion of lime keeps the mass porous 
and prevents fusion. 

4 FeGr 30 ^-l- 8 Na 3 C 03 -|. 70 , = 8Na3Cr03+2Fea03 + 8C03. 
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The sodium chromate is extracted with water, and the solution 
is acidified with concentrated sulphuric add. The sodium sulphate 
separates and is removed. 

2 Na^Cr 04 +H^S 0 , = Na.SO.+Na^Cr.O. + Hp.^ 

Tlic solution is conc^fentrated, when deliquescent red crystals of 
sodium dichromate, Na3Cr30^,2H20 are deposited. 

^ofassiimi dichromate^ KaCr^O^, being les% soluble than the sodium 
salt, is made by adding KCl to sodium dichromate solution— potassium 
dichromatc deposits first in red crystals. 

Na 3 Cr 30 , + 2Ka = K 3 Cr 30 ,+ 2 NaCl. 

Potassium chromate, KsCrO^, is made by adding calculated 
amount of potassium hydroxide or carlxjnate to a solution of potassium 
dichromatc — the solution on concentration yields lemon yellow crystals 
of KjCrO^, isomorphous with K3SO4. 

K^Cr^O, + 2 KOH = 2 K 3 Cr 0 ^+H 30 . 

Both potassium chromate and potassium dichromatc are non- 
dcliquesccnt and crystallise without water of crystallisation. Sodium 
chromate NaaCrO^.lOH^O and sodium dichromate, Na3Cr30y,2H30, 
arc both deliquescent. Potassium dichromate is moderately soluble in 
cold water, and freely soluble in hot water. 


Chromatos and dichromates are used as oxidising agents, as mordants in 
dyeing, in chrome- tanning, and in making pigments. ^ 

Potassium di chromate, is a valuable oxidisng agent in volumetric analysis.* 
In acid solution it yields 3 atoms of oxygen per molecule, thus : 

K,Cr,0, + 4HaSO^ = K,SO^ + Or,<SOJ, + 4H,0 + 30. 

K,Cr„0, + 7 H 3 SO, + 6FeS0^ = K,SO, + Or,(SOJ, + SFe^CSOJ, + 7H,0. 
KaCr^O, + TH^SO^ + 6 KI = 4 K 3 SO, + Cr,(SOJ, + 31, -f 7H,0. 

K,Cr,0, + H*SO^ + 3S0, = K,SO^ + Cr,(SOJ, + H,0. 


Ammonium dichromate, (NH^laCraO,, is made by adding ammonia to requisite 
quantity of chromium trioxide in solution. It forma orange crystals which 
decompo.se on heating : (NH^laCraOy = N, + 4HaO + Cr,0,, 

Lead chromate, PbCrO^, is made by mixing a solution of a load salt with 
that of a chromate. It is insoluble in water; a bright yellow powder much 
used as a pigment under the name of *chrome yellow", Basic lead chromate 
PbCrO^, PbO is the red pigment 'chrome red" \ mixed with load chromate it 
forms chrorue orange. • 

Chromyl Chloride, CrO.Cl is obtained as a dark red liquid by distilling 
a mixture of potassium dichromate and sodium chloride with concentrated 
sulphuric acid. • 

KaCr.O, + 4NaCl -h6H,S0* = 2CrO,Cl, + 2KHS0, +.4NaHS0^ + 3H,0. 

Bromides and iodides, however, do not form simiW volatile ch^mium 
compounds but liberate free halogens, when heated with KjCrjO, and HaSO^. 


The reaction is therefore, used to detect a chloride in presence of bromid^ 
and iodides-the distillate (of CrO^Cl ) is collected in NaOH solution wh^ it 
is hydrolysed to sodium chromate : 4Na0H4*Cr02Cla = NaaCr 04 + 2 NaCl 4 ‘ 2 Ha 0 . 

The sodium chromate solution acidified with acetic acid, gives a yellow preci- 
pitate of lead chromate with lead acetate solution. 


Chromyl chloride is readily hydrolysed by water : 


OrO,Cla+HaO = Cr0a4-2HC1. It is an oxidising agent. 
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INTERMBDUTB aiBMiBTRY 


Chroinic 8iilpliiMe» Gr^Sa, is made boating eulphnr with chroxniiim of 
CrCl, in It is not fonned by the action of ammonium sulphide on chromic 

salts, only chromic hydroxide is precipitated (c/. AljS,). 

CrCl, + 3(NH + 6H,0 = 2Cr(OH)3 + 6NH.C1 + 3H,S. 

De^jtection of chromiam. — (i) Borax head The presence of chromium is 
indicated by the grttn colour of the bead. 

(ii) Fusion ttst . — A mixture of a chromium compound with sodium carbonate' 
and a crystal of KNO, or with sodium peroxide, on being strongly heated on 
a piece of broken porcelain, forms a ytllow melt which contains sodium chromates 
The fused mass is extracted with water — the yellow solution of Na^CrO^ is 
acidified with acetic acid and treated with lead acetate when a yellow precipitate 
of PbCrO^ is formed : Cr^Oj + SNa^O, + £[,0 = 2 Na 3 CrO^ H- 2NaOH. 

(iii) Per chromic acid test. — ^A cold solution of a chromate acidified with 
dilute HjSO^ is covered with ether and hydrogen peroxide is added, and the 
mixture shaken, when the ether layer assumes a deep blue colour owing to th(' 
formation of perchromic acid, CrO^, which dissolves in ether. 

Manganese Mn = 54 93. 

Occanrencc. — The princinal ore of manganese is pyrolosite, mangancfic> 
dioxide, MnO^. It is usually contaminated with ferric oxide. Next to Bussia, 
India is the biggest producer of pyrolusite. Less important minerals are hraunitf. 
Mn 303 ; manganite, Mn 303 , HjO, and hausmannite^ MngO^. 

Preparation^ Impure manjranese, containing carbon, is made by 
strongly heating the oxide with carbon: 

Mn,0^ + 4C = 3Mn + 4CO. 

A purer metal is obtained bv the thermite process. Manganese 
, dioxide is hchted to redness to yield .the oxide Mn^O^. This is mixed 
with aluminium powder and ignited in a crucible (c/. chromium. 
p.486) ; -h 8A1 4 AI 3 O 3 + OMn. 

Propertie 8 w^(i) Manganese is a greyish-white, hard and brittle 
metal with a high m.p, of 1260", 

(ii) It is not easily oxidised in air unless it contains larbon or 
is finely divided — ^the finely divided metal burns in air. 

(iii) Unless quite pure, it decomposes cold water, giving off 
hydrogen: Mn+ 2 H 20 = Mn( 0 H) 2 +H 3 . The pure metal is only 
sUghtly attacked by steam. 

(iv) It dissolves in dilute acids (even in dilute nitric acid) giving 
off H 3 and yielding manganous salts: Mn+2HC1 = MnClj + Hj. 

(v) It combines with nitrogen above 1200" forming nitride and 
with carbon in the electric furnace, yield the carbide Mn^C. 

Uses of manganese. — The metal is mainly used in st>eel industry in making 
alloy steels and as a deoxidiser. It is added to the steel in the fonn of ferro^ 
manganese and spiegeleisn, 

Ferro-manganese, an alloy of Fe and Mn (70—80 p.c. Mn) is obtained by 
sinelting a mixture of iron and manganese ores with carbon in the blast furnace 
Spiegeleisn, also an alloy of Fe and Mn, contains 20—30 p.c. Mn only. 

Manganese steely ^ containing up to 13 p.c. Mn, is extremely hard and 
tough, and is used in making jaws of rock-crushers. Manganin is an alloy 
of ^ copper 82 — 84, manganese 12 — 15, and nickel 2—4, and is used for resistance 
coils since its electrical resistance is very slightly affected hy temperature. 
Mannanese hrmze^ an alloy of Cu 65 — 66, Zn 30 — 45, Fe 0*5—2, and Mn and 
A1 0*2—4, is used for making propeller blades, because of its stability towards* 
aea-water.' 
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C^n^mids. — ^Manganese forma the oxides : MnO^ M n,0;, 

Maqrauioos oxide, MnO, %irongly basic, forms the stable manganous salts, 
e.g., MnCl, and MnSO^, in which the metal is bivalent, and which are similar 
to ferrous and chromous salts except that they are not at all easily oxidised 
to manganic salts. Hydraied manganous salts are pink in colour. • 

Manganic oxide, basic, forma unstable manganic salts, e.g., 

Mn,(S 0 j 3 , in which the metal is tri valent, and which are similar to ferric and 
chromic salts. 

Mangano-manganic oxide, Mn^O^, is a mixeS oxide of MnO and Mn^O,. 

Manganese dioxide, MnO,, weakly acidic, contains teira valent manganese, 
and forms manganites, such as CaMnO,. 

Manganese trioxide, MnO,, acidic, contains hoxavalent manganese, and forms 
oianganates, such as Na,MnO^, isomorphous with sulphates. 

Manganese heptoxide, MiijO,, acidic, contains heptavalent manganese and 
gives rise to permanganates such as KMnO^, 'which are isomorphous with per- 
chlorates. 

The basic character of the oxides of manganese progressively decreases with 
the increasing valency of the metal (vide p. 177). 

Manganous oxide, MnO, an olive-green powder, made by heating a higher 
oxide of manganese in hydrogen : MnO, + H, = MiiO -f Hj,0. It is basic and 
foims manganous salts with acids. 

Manganous hydroxide, Mn(OH),, is obtained as a ^hite precipitate by the 
action of alkali on manganous chloride or sulphate solution. It quickly absorbs 
atmospheric , oxygen to form brown manganic hydroxide. 

2Mn(0H), -f 0 = 2MnO(OH) -f H,0. 

Manganous carbonate. MnCO,, is, formed as a white or pale buff-coloured 
precipitate by adding sodium carbonate to a manganous salt solution. It, de- 
composes on heating to manganous oxide ; MnCO, s MnO + CO,. It is sparingly 
soluble in water containing C0„ forming bicarbonate. 

MnCO, + H^O + CO, = Mn(HCO,),. 

Manganous chloride, MnCl,, is made by boiling pyrolusite with 
5 »trong hydrochloric acid till no more chlorine is evolved: 

Mn03-f4HCl = MnC44-2H30-fCl,. 

The solution usually contains ferric chloride which is precipitated 
as ferric hydroxide by adding precipitated manganous carlx)nate: 

2FeCl3.h3MnC03-f 3HP = 2Fe(0H)3-h3Mnq,-i-3C03. 

The filtrate is concentrated when pink monoclinic crystals of 
Mnag^^HjO separate. It may als 6 be made by heating pyrolusite 
with ammonium chloride, and extracting with hot ^ water and 
crystallising. Manganous chloride is deliquescent and highly soluble 
in water. SMnOa-hGNH.Cl = 3 MnClj,+N 2 + 4 NH 3 + aH30. 

Manganous sulphate, MnSO^, is made by ^heating pyrolusite with 
concentrated sulphuric acid: 2Mn03 + 2H4S0^ = 2MnS04-f 211^^0+03. 

The solution is evaporated to dryness, and the residue is heated 
to decompose the ferric sulphate: Fe2(SOj3 = Fe^Oj-hSSOj. The 
residue is extracted with water; the filtrate on concentration yields 
pink monoclinic efflorescent crystals of MnSO^, 4 HjO. 

There are several hydrates. MnS0.,7H,0 is isomorphous with FeS0j,7H,0, 
and MiiS 04 , 5 H ,0 is isomorphous with blue vitriol CuSO^ySH^O. 
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INTERMEDIATE CHEMISTRY 


Mangsuious nitrate, Mii(N03),^ is formed by dissolving manganous carbonate 
in dilute nitric acid. On evaporation pink deliquescent crystals of Mn(NO,)3, 6 H .0 
separate. It decomposes on heating: Mn(N03)a = MnO^ + 2 NO,. 

Manganous sulphide, MiiS, is formed as a pale pink or buff precipitate by 
passing HjS into a neutral or alkaline solution of manganous salt. It dissolves 
in dilute {iCids, even acetic acid. 

Manganic oxide, Mn^Os, is formed as a brown powder by heating MnO or 
MnO. to redness in air. It is a weakly basic oxide and dissolves in hydrochloric 
~ sulphuric acids, forming maqganic salts. With hot dilute nitric acid it gives 
manganous nitrate and manganese dioxide : 

Mn,03 + 2HNO3 = Mn(N03)3 + 1X30 + MnO,. 

Manganic hydroxide, MnO (OH), is formed as a brown powder by the action 
of chlorine on manganous carbonate suspended in water. 

SMnCOa + CI3 + H ,0 = 2 MnO(OH) + MnCl, + 3 CO,. 

The excess of manganous carbonate is removed by treatment with dilute 
nitric acid. 

Mangano manganic oxide, MnjO^, is made by strongly heating any oxide of 
manganese in air : SMnO, = MUjO^ + ^2 ; MiijO, is formed at a lower tempera- 
ture. It dissolves in cold concentrated sulphuric acid to a red solution of man- 
ganous and manganic salts : MngO^ -f- 4 H,SO^ = MnSO^ + Mn,(SO^)3 + 4 H, 0 . 

Hot dilute nN03 forms manganous nitrate and manganese dioxide : 

Mn30, + 4HNO3 = 2Mn(N03)3 + MnO, + 2 H, 0 . 

Manganic salts. — These salts are markedly unstable. The brown solution of 
MnO, in cold concentrated HCl contains magnanic chloride MnCl, which decom- 
poses on heating : 2 MnO, + 8 HC 1 = 2MnCl3 411,0 + Cl,. 

8MnCl3 = 2 MnCl, + Cl,. 

Mangan ic sulphate, Mii,(S04)3 is formed as a green solid by heating MnO, 
witii concentrated sulphuric acid at 138 ° C. It forms alums isomorphous with 
common alums. 4Mn03 -f bHjSO^ = 2 Mn,(S 0 ,), -f 6 H ,0 + 0 ,. 

* Manganese dioxide, MnO^^. It occurs in nature as pyrolusite. 
Pure manganese dioxide is obtained by heating manganous nitrate till 
brown fumes appear: Mn(Nb3)2 = Mn02+2N0a. 

It is feebly acidic, forming manganites with strong bases, eg., 
CaMnOj : it may also be regarded as the basic oxide of very unstable 
salts MnCl^ and Mn(SO^)2. 

It is an oxidising agent and forms MngO^ by strong heat: 
OMnOj = MnaO^+Oj. With hot and strong HCl, it yields chlorine: 

Mn 02 + 4 HC 1 = MiiCl2+2H20-i.Cl2. 

With hot and strong HaSO^ it yiqlds manganic sulphate and oxygen 
below 140®C, but at higher temperature, manganous sufohate is 
formed. 4Mn02 6H2SO, = 2Mn2(SO + OH2O + O2 

2 Mn 024 - 2 H 2 SO, = 2MnS0^+2H20 + 02. 

Pyrolusite usually coctains ferric oxide as an impurity. The manganese 
dioxide content of a sample of pyrolusite is estimated by heating it with strong 
HCl, and passing the chlorine that is liberated into potassium iodide solution. 
2 KI -t- Cl, = 2 KC 1 + I,. The liberated iodine is subsequently titrated against 
standard sodium thiosulphate solution. 

In presence of dilute H,SO^, MnO, oxidises ferrous sulphate to ferric sul- 
phate and oxalic acid into carbon dioxide — both tht reactiqns are used 

for the valuation of pyrolusite. 

' MnO, + 2FeS0, + 2H,S0. = MnSO, + Fe,(SOJ, + 2H,0. 

MnO, + H,C,0, + H.SO, = MnSO, + 2C0, + 2H,0. 
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Besides its use as a decolouriser in glass, manganese dioxide is used as a 
depolariser in Leclanche cells, as a drier for paint. 

Manganese heptoxide, Mn^O,, a brown oily liquid which gives a violet 
vapour, is formed by careful addition of powdered KMnO. to ice-cold concentrated 
sulphuric acid. 2KMnO, -f 2H,SO^ = 2KHSO^ + + H*0. 

It exfplodtB violently oh warming ; it forms a violet solution of peraaanganic 
acid with water ; Mn^O, + H^O = Manganese trioxide, MnO^, is 

unknown. 

Potassnum ^nnanganate, KMnO^. — When manganese dioxide 
fused with a mixture of caustic potash and an oxidising agent such 
as potassium chlorate, a green mass of potassium manganate is 
formed : 2MnO. + 4KOH + = 2K2MnO^ + 2HjO. 

The potassium manganate is hydrolysed with water, giving a 
purple solution of potassium permanganate. 

3K^Mn0^4-2H20 ^ 2KMn0^+4K0H+Mn02. 

The hydrolysis occurs readily by passing CO^ into the solution 
when the potassium hydroxide is removed as potassium bicarbonate. 
3K,Mn0^ + 2 HP-f 4 C 03 == 2KMnO, + 4 KHCO 3 -f MnO^. 

Expf.-;- Finely powdered pyrolusite (2 parts) is stirred with an iron rod into 
a fused mixture of potassium hydroxide (2 parts) and potassium chlorate (1 part) 
on an iron san<l-bath. The mixture is heated until the mass stiffens. The 
mass is then cooled, ground to powder, and extracted with water. The solution 
is boiled and carbon-dioxide is passed in until the solution assumes a deep-purple 
colour. The * purpio solution of potassium permanganate is filtered through 
ashesto9y concentrated, and allowed to crystallise, when potassium permanganate 
deposits in purple prisms. • ^ 

On a technical scale finely ground pyrolusite is fused with caustic potash Mn 
a muffle furnace with circulation of air — ^Ihe resulting fused mass in leached 
with water and the alkaline leach of potassium manganate is converted to pei; 
manganate : (i) by electrolytic oxidation with a rotating anode of iron : 
2 K 2 MnO^ 4- H^O + 0 = 2liMnO^ + 2KOH or (ii) by passing CO 3 into the solu- 
tion, as above, or (iii) by chlorine into the solution, — KMnO^, being less soluble 
than KCl, separates first on fractional crystallisation : 

2 K 3 MnO, + Cl, = 2KCI + 2KMnO,. 

Potassium permanganate is isomorphous with potassium perchlorate, 
KCIO^. Potassium permanganate is moderately soluble in water, 
giving a deep purple solution. It evolves oxygen on heating: 
2KMnO^ = K^MnO^ + MnOg-f O 2 . It is a powerful oxidising agents 
the oxidising action is different in acid or alkaline solution. 

(i) In add solution.— In presence of dilute sulphuric acid potassium perman- 
ganate is induced to manganous salt and 5 atoms of available oxygen are obtained 
from 2 molecules of permanganate : ’ 

2 KMnO, + 3 H 3 SO, = K^SO^ + 2MnSO, -f 3H,0 + 50. . 

In acid solution it reacts quantitatively with reducing agents, as follows : 
Ferrous salts are oxidised to ferric salts ; 

2KMnO, + lOFeSO, + 8 H 3 SO, = K^SO, + 2MnSO, + SFeJSOJ, + 811,0. 

Iodine is liberated from potassium iodide : 

2KMnO, + lOKI + 8 H 3 SO* = 6 K,SO, -f 2MnS0, + 51, + 8 H 3 O. 

Oxalic acid is oxidised to carbon dioxide : 

2 KMn 04 -f 6 H 3 C 3 O* + 3 H 3 SO* = K,SO, + 2 MnSO, + lOCO, + 8 H 3 O. 

Oxygen is liberated from hydrogen peroxide ; 

2KMnO, + 3 H 3 SO, + 5 H 3 O, = K 3 SO, + 2MnSO, + 50, + 8H,0. 
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Potassium permaaganaie reacts with strong hydrochloric acid giving off Cl, ; 

2KMnO^ + 16HC1 = 2KC1 + 2MnCl, + 6C1, + 8H,0. 

(ii) In alkaline salution. — In alkaline solution 2 molecules of potassium 
permanganate give 3 atoms of available oxygen : 

2KMnO^ + H.O =. 2K0H + 2MnO, -h 30. 

Alkaline potassium permanganate oxidises potassium iodide to iodate : 

2KMuO^ -h H,0 + KI = 2MnO, + 2K0H + KIO,. 

Uses of potassium pennanganate : (i) as an oxidising agent, (ii) as a disin- 
fectant, (iii) in volumetric analysis, such as estimation, of iron, oxalic acid, 
hydrogen peroxide, etc. 

Detection and estimation. — (i) Borax head tes^.—The colour of the bead is 
puT^t in oxidising flame, and colourltis in reducing flame. 

(ii) A grten melt of manganate is formed by fusing a manganese compound 
with a mixture of caustic soda and potassium nitrate. The mass is extracted 
with water and acidified with acetic acid when a pink colour of permanganic 
acid develops. 

(iii) A pink colour develops on adding dilute HNO, and lead dioxide to a 
solution of manganous salt, and warming : 

2MnSO^ + 5PbO, + 6HN0, = 2HMriO, + 2Pb(N0,), + 2H.0. 

(iv) A pink colour appears when a manganous salt is oxidised in cold dilute 
HNO, by sodium bismuthate— the reaction is quantitative. 

2 Mn(N 03 ), + SNaBiO; + IbHNO, = 2HMnO^ + SNaNO, + 5 Bi{N 03 ), + 7H,0. 

(v) In neutral solution in presence of zinc oxide potassium permanganate 
oxidises a hot solution of a manganous salt into MnO, — the reaction is used for 
estimating manganese (Volhard*s metitod). 

2KMnt)* + 3MnS0, + 2 H 3 O = 5MnO, + K^SO, + 2H,SO,. 


Exercises 

1. Describe the preparation of potassium dichromate .from chrome iron-stone. 

Explain its action as an oxidising agent. From potassium dichromate how would 
you prepare (a) metallic chromium, (b) cliromous chloride, (c) chrome alum, 
(d) chromyl cnloride? Bombay 63. 

2. Starting from pyrolusite how would you prepare (a) pure manganous 

chloride, (b) potassium permanganate? Explain the action of potassium per- 

manganate as oxidising agent. 

3. Explain what happens when : (a) chlorine is passed into a heated mixture 

of chromic oxide and coke, (b) sulphur dioxide is led into potassium dichromate 
solution acidified with sulphuric acid, (c) concentrated HCl is added to a 
solution of potassium dichromate, containing granulated zinc, (d) KI is added 
to potassium dichromate solution acidified with cone. HCl. (e) common salt is 

distilled with potassium dichromate and sulphuric acid, (f) potassium per*^ 

manganate is added to a hot solution of oxalic acid acidified with sulphuric acid, 

(g) H 3 O, is add^ to an acidified solution of ferrous sulphate, (i) potassium 
dichromate solution is treated with hydrogen peroxide. 

Explain how the equivalent weights of KMnO^ and KaCr,0, ore calculated. 

4. How is potassium permanganate made from pyrolusite? Describe its 

action tra ferrous sulphate, oxalic acid, hydrochloric acid, hydrogen peroxide 
and potassium iodide. Punjab '61. 
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. Tbe Inert gasee 

Helinm, neon, argon, km'ton, xenon and radon are known as the inerfi 
because of their chemical inertness. All the inert gases except thS radio* 
active radiation radon occur in the atmosphere. Though in traces only, — ^their 
relative abundance in the atmosphere in percentage by volume is helium 0.00052 ; 
neon 0*0015 ; argon 0*9323 ; krypton , O'uOOl ; xenon 0*000009 and hence their 
name the rare gasea of the atmoa'phere. • 


Hirtoiy of the discovefy. — The discovery of the rare gases of the 
atmosphere was due to an observa- 
tion by Lord Rayleigh in 1892 that 
ilie atmospheric nitrogen was about 

0*5% heavier than the nitrogen pre- ^ ^ ^ 

pared chemically by heating ammo- T / 

nium nitrite or by reducing the \ f \ / 

oxides of nitrogen with heated iron \ / \ / 

—normal density: (a) 'chemicaV \ L.^ ^ I / 
nitrogen = 1*2505, (b) atmospheric \V V ^ I // 
nitrogen = 1*2572. The difference / 

was too great to be attributed to \ 1 1 IJ / 

experimental errors, and it was sus- \ ifillM / 

pected tQ be due to the presence of \ ttw / 

some heavier gas in the atmosph-^ric ^ \ I I / 

mtrc^cn. Hence to account for tUii* A rr/;'' ■ ■ 

discrepancy, experiments were jo’ntly ^ ^ * 

undertaken by Lord Raleigh and Sir Fig. 192 

William Ramsay in order to isolate the heavier gas, if any, in the , 
atmospheric nitrogen. Two methods were employed: 


(i) Hayleigh himself reoeated the experiment of Cavendish who noticed 
as early as 1785 that a little residual gas (about 1/120 of the original volume) 
was left on sparking a mixture of air and oxygen over caustic potash and 
confirmed Cavendish’s result — the residual gas did not give the spectrum of 
nitrogen. This residual gas was prepared in quantity and for this .a mixture 
of air (9 vols.) and oxygen (11 vols.) was sparked between platinum electrodes in 
a large glass globe over cau.stic soda solution — the excess oxygen was absorbed 
by alkaline pyrogallate and the residual gas collected (fig. 192), 
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residual gas (1/80 of the original volume) with a density of 19*94 (H = 1). The 
spectrum of this gas, as also that of the residue obtained by Cavendish’s ^ethod^ 
differed from that of nitrogen or of any known gas. Hence it was taken to be 
a new element and one of the normal conslituente of the atmosphere. It was 
called aiRon (meaning lazy or inactive), because of its reluctance to form 
chemic^ compounds. 

An attempt to obtain argon from the uranium mineral clevite resulted in 
the discovery of helium^ another normal constituent of the atmosphere, by Ramsay 
— the mineral on heating with the dilute sulphuric acid or in a vacuum evolved 
a gas containing about 20% •nitrogen. The residual gas, left after the removal 
of nitrogen, was separated by fractional diffusion into argon and a new gas 
which gave the spectrum of helium which was discovered by Lockyer in the 
sun’s atmosphere during a total eclipse in 1868. It was in 1895 that helium 
was discovered by Ramsay from terrestrial sources. Helium is inert chemically 
as argon. 

The consideration of the position of argon and helium in the periodic table 
suggested that a whole family, of inert gases might exist. Ramsay and Travers 
(1^8), therefore, began systematic examination of the residual atmospheric gas. 

The gas was partially liquefied by compression and cooling to — 185® in 
liquid air and separated into gaseous and liquid fractions by rapid exhaustion. 
The gaseous fraction was cooled to — ^240* in liquid hydrogen when a portion 
solidified, the remaining gas was helium — the solid was found to be a new 
element, called neon. The liquid fraction on fractional distillation gave argon 
first, krypton next and xenon last. The investigation of the residues from the 
evaporation of 120 t6ns of liquid air failed to indicate the presence of any other 
gases. 

Position in the Periodic Table. — It is quite 
in conformity with the rule of valency that the 
inert gases which form a family of , no- valency 
elements have been placed in the zero-group 
(p. 169). 

Atomic weight — The atomic weight of the 
iniert gases cannot be determined by chemical 
means. The ratio of the specific heat at constant 
pressure to that at constant volume for the 
inert gases is 1*66, showing the monatomic nature 
of the gases, i.e., their molecules consist of one 
atom only. Hence the atomic weight of an inert 
gas is equal to twice the relative density (H=l) — 
the latter being determined experimentally. 

Inert gases from liquid air. — Air may be 

liquefied in Linde machine (p. 177) (cooling is 
due to expansion of air against molecular 
attractijon, i.e., duo to Joule-Thompson effect) or 
in Claude machine (cooling is due to external 
work done by the expanding air in an engine). 

Compressed air at about 40 atmospheres is 
cooled by doing external work by expansion in 
an engine, when it partly liquefies and enters 
the bottom of Claude’s rectifying column (fig. 
194) and rises up a set of vertical pipes 
immersed in a bath of liquid oxygon, and ^ gets 
liquefied — ^liquid rich in nitrogen collects in a 
Fig. 194 x)ot C and is led to the top of the column and 

liquid rich in oxygen drains in A and is taken 

to a lower compartment L. On rectification nitrogen passes at the top of the 
column and liquid oxygen collects in the bath S— oxygen gas passes out at G. 
The cold of nitrogen and oxygen is utilised in heat interchanges. The gases are 
stored ^nder pressure in steel cylinders. 
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The inert gases are produced commercially by the fractionation of liquid air. 
The boiling points of the various constituents of liquid air in degrees absolute 
are : helium 4®, neon nitrogen 77®, argon 87°, oxygen 90®, krypton 122® 
and xenon 164°. During the fractionation of liquid air gaseous helium and 
neon collect above liquid nitrogen in the pot C. The mixture of helium and 
neon is passed oyer heated calcium carbide to absorb tho accompanying nitrogen 
and then cooled in liquid hydrogen when neon liquefies and helium passes *out. 

Argon collects in liquid oxygen and is separated from the latter by frac- 
tionation in a rectifying colunrn provided with a coil of liquid nitrogen — argon, 
being more volatile, passes out as a gas ; the liquid oxygen fraction contains the 
less volatile krypton and xenon which are fractionAed, 

Helium. — It occurs in the occluded state iii all radio-active minerals. 
Natural gases from petroleum wells in U.S.A. and Canada contain as much 
as 1% by volume of helium. It is produced from this source by compressiou and 
cooling when all other gases condense. Tho thorium mineral inonazite sand, 
found in Travancore in India, contains about t c.c. of helium per gram. Being 
non-inflammable and having a lifting power of about 92% of that of hydrogen 
it is used for filling airships and balloons. Helium is present in the Sun*s 
atmosphere. 

Neon. — It is produced commercially from liquid air. It finds use in filling 
noon-lamps (giving red light) used extensively as advertising signs. 

Argon. — Argon is obtained from liquid air. It was formerly made by 
passing dry a,ir over a mixture of 90 parts of calcium carbide and 10 parts of 
calcium chloride, heated to 800° in iron retorts — the nitrogen and o^^gen are 
absorbed as calcium cyanamide and carbonate respectively. CaCj+Nj = 
NCaCN-f-C. The residual gas is then passed over heated cd^per oxide to oxidise 
carbon monoxide to the dioxide and then through potash to absorb tho carbon 
dioxide and finally dried . 

Argon is used for filling metal filament electric lamps, and for creating an 
inert atmosphere in arc-welding. • , 

Inert gases are used now-a-days in fluorescent lighting tubes. 

Exercises 

(1) What led to the discovery of the inert gases and how were they isolated? 
Discuss their position in the periodic table. 

(2) How is argon obtained from air? Describe its properties and uses. 
How is its atomic weight determined? 


XXVI 

Chemical calculations 

On d^sity and specific gravity. — The density {absolute density) 
of a substance is its mass per unit volume, d = m/v, ^ 

where m is the mass, v the volume and d th^e density of a body. 

The unit of volume in C.G.5. system is 1 c.c. ; hence the mass 
in grams, of 1 c.c. of a substance is its density ; e.g., ‘the density of 
diamond is 3*52* means that the mass of 1 cubic centimetre of diamond 
is 3-52 grams. 

The normal density of a gas is the mass in grams of one litre 
of the gas measured at N.T.P. 

The normal density of hydrogen is 0*0899 gram. 

32 
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The relative density of a substance is the ratio of' its density to 
the density of a standard substance under identical conditions of tem- 
perature and pressure. 

la the case of gases and vapours the standard sabstance is generally hydrogen 
and occasionally air or oxygen. The relative density is often called the vapour 
density* (p. 85). The vapour density may be converted from one standard to 
another in the following way : 


. Vapour dauairy (H . 1) = 

^ ^ • density of hydrog 


density of hydrogen 
density of the gas 
density of oxygen 


density of oxygen 
density of hydrogen 


density of a gas (H = 1) = density of the gas (0-1) 

X density of oxygen (H — 1). 

Also, density of a gas (H = i) = density of the gas (air = l) 

X density of air (H = 1). 

As already stated (p. 86), 


o a , , . . /TT wt. of I litre of gas at N.T.P. 

(a) the density of a gas (H = 1) = - -- - - 


wt. of 1 litre of a gas at N.T.P. = its density (H = 1) x 009 gm. 

wt. of 1* litre of air at N.T.P. = 144x009 gm = 1296 gm, 
since the density of air (H=l) is 14*4. 

(b) Gram molar volume of a gas is litres at N.T.P. i.e., gram 
molecular weight of a gas occupies 22*4 litres at N.T.P. 

* In the case of liquids ami solids^ the standard substance is water at 4'’C ; 
the relative density is then called the specific gravity. 

In C. O. S. system, the absolute density of water at 4®0 is unity. Hence 
the specific gravity of a substance is numerically equal to its density o.g., the 
absolute den.sity of mercury is 13*6, the figure 15‘6 also indicates its specific 
gravity. 

Percentage* — By percent is meant parts in 100 parts. In the 
case of solids, percentage always refers to v eight ; e.g., “a mineral 
of copper contains 2 5 ^ per cent copper’ ' means that 100 parts by 
weight of the mineral contain 2*5 parts by weight of copper, 

III the case of solutions^ ])ercentage refers either (i) to the weight of a 
substance per 100 parts by weight of the solution, or (ii) to the weight in grams 
of a substance per 100 c.c. of the solution; e.g., “a ^ per cent sulphuric acid” 
may either mean (i) 20 gms. of sulphuric acid per lOO gms. of the solution, or 
(ii) 20 gms. of sulphuric acid per 100 c.c. of the solution. The context alone 
will decide whiph meaning is applicable. 

In the case of gases, percentage generally refers to volume, unless otherwise 
stated. 


Exercises 

(1) Calculate the weight of 10 litres of carbon dioxide measured at O^C and 
722 mm. pressure. 

The molecular weight of COj is 44, and its density (H = l) is 22. 

Let the volume of COj at N.T.P. = v litres. 

. V X 7^/273 = 10x722/273, whence ¥=9*6 litres. 

The problem may be worked out by either of the two methods : 
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(a) Th« molar volume of a gas is 22*4 litres at N.T.P. 

22*4 litres of carbon dioxide at N.T.P. weigh 44 gma. 

9*5 litres of CO, at N.T.P. weigh 44 x 9*5/22*4= 18*66 gms. 

(b) 1 litre of hydrogen at N.T.P. weighs 0*089 gm. 

1 litre of C.O, at N%T.P. weighs (0*089 x 22) gm. * 

.*, 9*5 litres of CO, at N.T.P. weigh (0*069x22x9*6) or 18*60 gms. 

(2) Calculate the volume occupied by 6*4 gins, of sulphur dioxide measure<l ; 
(i) at N.T.P., (ii) at 273® C and 950 mm. pressure.* 

1'ho molecular weight of SO* is 64, and hence the density (H=l) is 32. 

(a) 64 gms. of SO, occupy 22*4 litres at N.T.P. 

6*4 gms. of SO, occupy 2*24 litres at N.T.P. 

(b) 0*089 gm. of hydrogen occupy 1 litre at N.T.P. 

/. 0*089x32 gm. of SO, occupy 1 litre at N.T.P. 

/. <5ccupy 6*4/0*089x32, i.e., approximately 2*24 litres at 


Let the volume at 273°G and 950 mm. be v litres. 

vx 950/ 546 =2* 24x760/ 273, whence v= 1*792 litres. 

(3) 500 c.c, of a gas at 27* C and 750 mm. pressure weight 0*6414 gm. Cal* 
*'nlate its (a) normal density, (b) relative density (ir=l), (c) relative density 
/air=l). 

Let the volume of the gas at N.T.P. = v c.c. ^ 

.*. vx760y273 = 500x750/300, whence v = 449 c.c. = 0*449 litre. 

(a) 0*449 litre at N.T.P. weighs 0*6414 gm. 

/. 1 litre at N.T.P. weighs 0*6414/0*449 or 1*43 gm. , 

/. normal density of the gas = 1*43 gm. * 


(b) Density (H = l) = 


n ormal de nsity of the gas 1*43 
nomal density of H, 0'u89 


= 16. 


(c) Density of the gas (H = l) = its density (air =1)X density of air (11 = 1) 
The density of air (H = l) is 14*4 

16 = density (air =l)x 14*4, /. density (air=l) = 16/14*4 = I’ll 


or donsity (air = l) = ^ VfL = I'U 

normal density ot air 1*293 


1 litre of air at N.T.P. weighs 1*293 gm, i.e., normal density of air is 1*293 gm. 

(4) A sample of gas weighing 0*1100 gm. occupies a volume of 24 c.c, at 27®C 
•snd 740 mm. pressure. Calculate the molecular weight of the ga^. 

Let the volume of the gas at N.T.P. = v c.c. 

/. vx 760/273 = 24x740/300, whence v = 21*26 c.c. 

Molar volume of a gas = 22400 c.c. at N.T.P. • 

21*26 c.c. of the gas weigh 0*11 gm. ^ 

22400 c.c. of the gas weigh 0*11x22400/21*26 or 115*9 gm. 

.*. gram molecular weight of the gas = 116*9 gm. 

(5) Determine the density of air (H=l), 8upposin||p it to be a mixture of 
4 volumes of nitrogen and one volume of oxygen. Given the densities (H=l) 
of osicygen and nitrogen are, respectively, 16 and 14. 

Weight of 100 volumes of air = weiffh^ of 80 volumes of nitrogen. 

+ weight of 20 volumes of oxygen. 

/, lOOxdensity of air = 80x14 + 80x16, or density of air « 14*4. 
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(6) How much pure nitric acid is present in a litre of a sample of nitric 
acid (sp. gr. 1‘42)? The percentage strength of the acid is 70. 

1 c.c. of the sample of the acid weighs 1*42 gms. 

1 litre „ „ „ „ „ 1420 gms. 

Tho. percentage strength refers to weight. 

100 gms. of the sample contain 70 gms. of pure*' nitric acid. 

/, 1420 gm. contain (1420x0*70) or 994 gm. of real nitric acid. 

994 gms. of pure nitric acid are present in a litre. 

(7) 50 gms. of a one-pound sample of clay is rejected by repeated sedimenta- 
tion, as worthless for pottery. Calculate the requirement of raw clay of a pottery 
works, consuming 1000 tons of pure clay annually. 

1 ton 2240 lbs. ; 1 lb. = 453*6 gm. 

1 lb. of raw clay contains 50 gms. or 0*11 lb. of rejection, 
i.e., 1 lb. of raw clay contains 0*89 lb. of pure clay. 

/. 1000 tons of pure clay are present in (1000 x 2240) /0‘89 lbs. of raw clay. 
/. the annual requirement = 1000 x 2240/0*89 lbs. of raw clay, 
the annual requirement = 1000/0*89 = 1121*35 tons of raw clay. 


8. Find the weight of 6*229 litres of oxygen (density 16) measured at 27® C 
and 750 mm. pressure. Normal density of hyarogen is 0 089 gm. 7*9^ gm. 

9. 2*257 litres t.f a gas at 27®C and 740 mm. weigh 2*857 gm. Find its 
density. Normal density of hydrogen is 0*089 gm. 

Normal density = 1*428 gm. Density (H=l) = 16. 

10. The density of carbon dio)ido relative to air is 1*528. Find its density 

relative to hydrogen. 22. 

' 11. Calculate the volume occupied by 1*7 gms. of ammonia : (i) at N.T.P., 

(ii) at 27® C and 740 mm. pressure. (i) 2*24/. (ii) 2*527/. 

12. A sample of gas weighing 0*8 gm. occupies 1247 c.c. at 27®C and 750mm. 

Calculate the molecular weight of the gas. 16 

13. A flask weighs. 130 gm. when full of air and 129*84 gm. when some 

air has been pumped out. When opened under water, 125 c.c. of water enter. 
Find the weight of 1 litre of air. 1-28 gm. 

14. The normal density of a sample of impure hydrogen sulphide is found 

to he 1*4628. If hydrogen alone be present as an impurity, calculate the per- 
centage of hydrogen by volume. Given that the densities of hydrogen and its 
sulphide are respectively 0*09 and 1*52 gm. per litre. 4 per cent. 

15. One hundred tons of a mineral containing 59% carnallite pass throngh 

a refinery and are made to yield potassium chloride. If the recovery is 70 per 
cent, calculate the amount of potassium chloride obtained from 1000 tons of 
the mineral. Carnallite contains 26*85% potassium chloride. 110*9 tons. 

16. The amount of fuel consumption per barrel (376 lbs.) of cement pro- 
duced is 120 lbs. of ash-free coal. How many tons of coal must be provided 

for a furnace ^producing 200 tons of cement per day — the sample of coal con- 
taining 10 per cent ash. 70*92 tons. 

17. One litre of a solution of sodium carbonate contained 5*20 gms. of the 

solid and 105*2 gm. of the same solution occupied 100 c.c. Find the percentage 
strength (per 100 gm.) of the solution. 0*4943%. 

18. A litre of sea water (sp. gr. 1*03) is evaporated to dryness and found 

to give as residue 36*4 gms. of salt; find the percentage of solid matter per 
100 gms. of sea water. 3*534% 

19. A sample of sulphuric acid contains 31*6 gm. of pure acid per 100 gm. 

of the acid solution and its specific gravity is 1*26. Calculate the weight of 
real acid in every 100 c.c. of the solution. 39*8 gm. 
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20, Calculate weight of pure HNO, in 10 c.c. of commercial nitric acid 
(sp. gr. 1*4) containing 65% HNO, by weight. 9*1 gm. 

On percentage composition. — (i) Composition from formula* — The 

percentage composition of a compound states the weight each 
constituent in 100 parts* by weight of the substance. In order to 
determine it : 

(a) find the molecular weight (i.e., the sum of the atomic weights of all 
.the constituent atoms) of a compound, represented l»y its formula, and then : 

(b) divide the total weight of each constituent by the molecular weight and 
multiply by 100. 

(i) Calculate the percentage composition of anhydrous sodium sulphate. Its 
molecular formula is Na^SO^ : 

wt. of 2 atoms of sodium = 2 X 25 = 46 

wt. of 1 atom of sulphur = 1 X 32 = 32 

wt. of 4 atoms of oxygen = 4 X 16 = 64 

/, molecular weight of Na^SO^ = 46 + 32 + 64 = 142. 

Now, 142 parts by wt. of Na^SO^ contain 46 parts by wt. of sodium. 

1(X) ,, ,, ,, ,, 46 X 190/142 or 32 4 »> »» >» 

.*. % of sodium = 32*40. 

Similarly, % cf sulphur = 32 X 100/142 = 22*53; % of oxygen = 45*07. 

(ii) Calculate the percentage of iron, NH^ and SO^ ^oups, and water in 
ferric ammonium sulphate of the formula, (NllJaSO^,Foa(SO^)3,24HjO. 

Molecular weight from formula : 

wt. of 2 atoms of Fe =2 X 66 = 112*0 
wt. of 3 SO4— groups =3 X 96 ss 228*0 
wt. of 2 NH,— „ = 2 X 18 « 36*9 

wt. of 1 SO,— „ =1x 96 = 96*0. 

wt. of 24 H,0 „ = 24 X 18 = 432*0 

Total = 964*0 

In 964 gin. of the compound there are 112 gms. of iron. 

.*. in 100 „ „ „ „ 112 X 100/964 or 11*62 gms. of iron 

.*. % of Fe = 11*62 

Similarly, % of NH, = (36 X 100) /964 = 3*73 

% of SO, = (4 X 96 X 100)/964 = 39*83 
% of water .= (432 X 100)/964 = 44*82. 

(ii) Fonniila from percentage composition.— The formula of a 
compound is deduced by finding the number of atoms qf each consti- 
tuent element from its percentage composition. 

Suppose the formula of a compound containing the elements A 
(at v/t. a) and B (at. wt. b) is A^By, where x and y are the number 
of atoms of A and B respectively. 

% of A = ax. 100/{ax+by), jind % of B = 100/{ax+by). 

% of A ax % of A % of B 
% ofB - '• — T- 

% of A % of B , 

at. wt. ofA = ^t ^ o f B = 
of atom of B. 
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ue, the quotient of the percentage of each element divided by 
its atomic weight is a number which is proportional to the number 
of atoms in the compound, 

Hmce to deduce the formula from percentage composition: 

(i) divide the percentage of each element by ita atomic weight to obtain 
the ratio of number of atoms of each element; 

^ (ii) divide each number as obtained in (i), by the smallest of them and then 
multiply the quotients, if neeessary, by a small number, in order to express the 
ratio in the simple whole numbers, since fractional atoms are inadmissible. 

The formula of a compound directly deduced from its percentage 
composition is called the simplesi or empirical formula. It simply 
shows the relative number of atoms of each element present in the 
compound. 

The molecular formula, on the other hand, gives the exact number 
of atoms of each element in a molecule. Hence the molecular for- 
mula is either equal to or some multiple of the empirical formula. 
Let the empirical formula of a compound be ApBq then : 

{ApRq) n = molecular formula. 

or = molecular weight=2x vapour density (H =1). 

n = — where a, b arc the atomic weights and 

ap+hq " ^ 

p and q are the atoms of A and B respectively in the empirical formula 
^p&q, and n 'is a simple integer. 

Exercises 

, 1. A compound of C, H and 0 contains C = 40% H = 6’67%. Its molecular 
ight is 180. Find its formula, Calcutta '38. 

C = 40%, H .= 6-67% /. 0 = 100- (40 + 6-67) = 55’33%. 

Dividing the percentage of each element by its atomic weight 

C = 40/12 = 3-33, H = 6*67/1 = 6*67, 0 = 63*33/16 -= 3*33. 

These numbers are proportional to the number of atonic of the element,- 
present in one molecule of the compotmd. 

Dividing the numbers by the lowest number to transform them into whole 
numbers, since fractional atoms are inadmissible. 

C = 3'33/3*33 = 1, H = 6*67/3*33 = 2. 0 = 3*33;3*33 - 1 

the simplest formula is GH^O and the molecular formula is (CH,0)n. 
Now, the molecular weight is 180, 

/. (CH, 05 n = 180, or (12+2+16)n = 180, whence n = 6. 

Hence the moleculaV formula is (CHaO), or C.H,aOa. 

2. A compound containing Na, S, 0 and H gave on analysis the following 
,>eault; Na = 14*31% 8 = 9*97% H = 6*25% 0 = 69*47%. Calculate the 

formula on the assumption that all the hydrogen in the compound is present 
in combination with oxygen as water. Calcutta '18. 

Dividing by atomic weights ; Na = 14*31/23 = 0*62, 8 — 9*97/32 = 0*31, 

H = 6*25/1 = 6*25, 0 = 69*47/16 = 4*24. 

Dividing the quotients by the lowest number : 

Na = 0*62/0*31 = 2, S = 0*31/0*31 = 1, 

H = 6*25/0*31 = 20, 0 = 4*34/0*31 = 14. 
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Hen<» the formula is Na,8H„0,4. But all the hydrogen is present in 
combipaiiou with oxygen as water, 20 atoms of hydrogen combine with 10 atoms 
of oxygen to form lOHjO. Hence the formula is Na^SO^, lOHjO. 

Two oxides of a metal contain 27’6 and 30% oxygen respectively. If 

formula of the first oxide be M^O^, find that of the second. faL *40. 

Let a be the atomic weifeht of the metal M. The first oxide contain ^*6% 
oxygen, and (100-27-6) or TO*4% of the metal. 

% of_M / % of 0^ N o. of a toms of M 

at. wt. of m/ at. wt.. of JSio.. of utcgns of O, 

or 72*4/a : 27*6/16 = 3:4; whence a = 55*97. 

The second oxide contains 30% 0, and 70% M.. 

N o. of atoms of M^ 70 1*25 _ 1 _ ^ 

No. of atoms of Oa 65*97/76 T 

since atoms cannot be divided : /, the formula of the oxide is MA. 

4. Calculate the percentage of in NaJIPO,, 12HaO. CaL ’10. 

Mol. wt. of Na,HPO„ i2H,0 ■= 358. Mol. wt. of P,0, = 142. 
2Na,HPO,. 12H,0 = Na,P,0,(2Na,0. PA)+ 25U,0 by heat. 

.*. 2x358 or 716 gms. of the phosphate crystals contain 142 gins, cf P/.)^ 

% of phosphoric anhydride, P^Og = 142 X 100/716 = 19‘83. 

5. One gram of phospliorus gave 229 gm. of an oxdie on burning. Find 
out its simple formula. 

The wt. of O3 combining with phosphorus = 2*29 —1 = 1*29. 

Let the formula of the oxide be Pa^O?/, where x and y are the atoms of 
P and Oj respectively, then in the formula- weight of the oxide : 

wt. of phosphorus : wt. of oxygen =,31x : 16y. , 

i.e., wt. of P : wt. of O3 = at. wt. of PXx : at. wt. of O^Xy* • 

or P _ . wt, of 0, . y -- : ^ 29 = ^ ; y 

at, wt, of P at. wt. 31 16 

i.e., X : y = 0*032 : 0*080. Dividing by the smallest number, x : y = 1 : 2*5. 

Multiplying by 2, x : y = 2 : 5. Hence the formula is PjO,. 

6. Find the formula from the following percentage composition : 

MgO = 23*48% ; FeO = 41*74% ; Sip, = 34*78%. 

Dividing the % of each of these compounds by respective mol. wts. 

MgO = = 0-587 ; FeO = ^ 0 58 ; SiO. = = 0-579. 

Dividing each by 0*58, MgO = 1; FeO = 1 : SiO, = 1, 

Hence the simplest formula is MgO,FeQ,SiO„ or MgFeSiO^. 

Assume * the following atomic weights : K = 39*1, Cl = 35*5, Mg = 24, 
H = 1, A1 = 27, Na = 25, Pb = 207, Cu = 63*5, P = 31, K = 39*1. 

7. Determine the percentage composition of : (a) potassiufn chlorate, (h) 
Epsom salt (MgSO„ 7H,0), (c) cryolite (AIF,, 3NaF) , 

(a) K 31*89; Cl 28*95 ; 0 39*16; (5) Mg 9*76; S 13*01; 0 26*01; 

H,0 51*22; (c) Na 32*86; A1 12*86; F 64*28 

8. Calculate the percentage of— (a) lead in white lead (2PbC03, Pb^OH),), 

(6) chlorine in camallite (KCl, MgCL, 6H,0), (c) nitric anhydride (N,Oj m 
potassium nitrate, (d) water of crystallisation in blue vitriol, (e) carbon dioxide 
in calcium carbonate. (a) 80*13 ; (b) 38*36 ; (c) 53*40 ; (d) 36*07 ; (e) 44. 

9. A mixture of cuprous and cupric oxide was found to contain 88% Cu. 

Calculate the proportion of the two compounds in the mixture, taking the 
atomic weight of copper to be 64. Cu,0, 90% ; GuO, 10% . Nagpur 
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V 10 . Water contains 11*11% hydrogen and 88 * 88 % oxygen. Calculate its 
^mula. HjO 

f -A. compound of C, H and 0 contains 42*105% carbon, 6*432% hydrogen 

aM the ' ■" ’ ’ 


rest oxygen. Its molecular weight is 342. Calculate the formula. 


12. A compound contains 82*74% carbon and 17*26% hydrogen. Its vapour 
density is 29. Find the formula. 

13. A crystalline salt contains 18*55% sodium, 25*81% sulphur, 19*35% 

oxygen (which is not preseift as water) and 36*29% water of crystallisation. 
What is its formula? NaaSaO^-SHaO. 

14. 12*325 gm. of Epsom salt lose 6*306 gms. of water on dehydration and 
leave behind MgSO^. Calculate the formula of Epsom salt. 

Banaras '27. MgSO^, 711^0. 

15. A compound was found on analysis to have the following composition : 
K = 17*8; Ni =-. 13*5, SO, = 44, H^O = 24*7%. What is its formula? Ni=58*7. 

Bombay '18. K,SO„ NiSO„ 6H,0. 

16. A substance gives on analysis the following results : 

Na-13*4%; Sb-23*3%; S-24*9% and HaO-38*4%. 


It contains 7% hygroscopic moisture, 
pound. (Na = 23, Sb = 120, S = 32). 


Calculate the formula of the com- 
Calcutta '25. Na,SbS„ 9HaO. 


17. Work out the formula of a mineral from the following percentage 

composition; CaO 48; 41*3; and CaCl, 10*7. 3 Ca 3 (POJa,CaCl,. 

18. Calculate the molecular formula from the results of analysis given : 
8—23*7%, 01—52*6% and the rest being oxygen. Vapour density=67*5. SOjCla. 

19. A substance has the following percents^ composition: N— 35, H — 5, 
Q— 60. On being heated it yields a gas containing N 63*63% and O 36*37%. 
Calculate the formula of each substance. Name the original substance and 
construct the equation representing the chemical change. Jindhra Univetiity, 

NH,N 03 , N^Oj NH^NO, = N 3 O+ 2 H 3 O. 

20. Express the percentage composition of crystallised sodium carbonate, 

NUjCO,, IOH 3 O, in terms of : (a) anhydrous sodium carbonate and water of 
crystallisation, and (b) Na,0. Calculate the percentage of Na^O in anhydrous 
sodium carbonate. (a) H^O 62*94; NajCOj 37*06; (b) 21*68; 58*49. 

21 . The percentage composition of chloride of silicon has been ascertained to 

Jbe Si -16*47%, 01=83*53%. Its vapour density is 85 (H=l). Calculate the 
atomic weight of silicon. 28*0. 

10 gm. cf a substance when strongly heated gave 2*55 gm. of carbon 
dioxide and 0*525 gm. of water and left a residue of copper oxide. What is 
its simplest formula? 2CUCO3, Cu(OH)a. 

23. 6*29 gm. of crystallised aluminium sulphate lost 3*06 gm. of water on 

heating. 2*59 gm. of the crystals with BaCl. gave 2*72 gm. of BaSO^. Calculate 
the formula of the crystals. Ba = 137. Alj(S 04 ) 3 , 18 Ha 0 . 

24. A crystallised salt on being rendered anhydrous loses 45*6% of the 

weight. The anhydrous salt has the percentage composition: Al = 10*5, K=15*l, 
8=24*8. 0=49*6. Calculate the simplest formula of the anhydrous and the 

crystallised salt. Allahabad ’08. KAlSjO,, and KAIS^O,, 12Hj,0. 

25. Carbon monoxide was passed over heated copper oxide which lost 

0*413 gm. and produced 1*137 gm. of CO^. Find the formula of carbon 
monoxide. Punjab ’44. CO, 

//»• An element X, forms a hydride containing 25 per cent of hydrogen; 
also forms two oxides A and B, containing 57*1 and 72*7 per cent ‘of oxygen 
A^tseftp^itstively. The atomic weight of the element is 12. Find the formula of 
/tl£a nydride and the two oxides. XH,; XO, and XO,. 
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27. 0*15 gm. of an organic substance containing C,H,0 and N on being 
h^ted with excess of copper oxide gave 0*09 gm. water, 0*11 gm. CO,, and 56 c.c. 
nitrogen at N.T.P. Find its formula. CONgH*. 

^ 28. A monobasic organic acid contains 6*66% H, 39*96% C and the rest 
ywygen : 0*167 gm, of the ^Iver salt of the acid gave 0*108 gm. of silver on 
'"'ignition. Find the formula of the acid. Ag = 108. CgH^Og. 

'29. The vapour density of the hydride of an element is 17. Its binary 
compound with silver contains 87*10% of the latter. Ag = 108. Find the at. wt. 
.of the element. • 32. 

An element forms three chlorides containing 69*67, 68*93, and 74*73 per 
rlt of chlorine. The vapour density of tlie highest chloride is 95. Deduce the 
."Valencies of the clement. 2, 3, and 4. 

^31. 0*21 g. of a gaseous hydrocarbon on combustion gave 0*66 g. of CO, and 
g. of H,0; 304 c.c. of the hydrocarbon at 27* (v and 750 mm. weighed 0*344 
gm. Find the formula. Punjab *46. CjH^. 

/ 0*245 gm. of an inorganic arid having the percentage composition of 

Ji/2*04, S 32*65, and O 65*3, neutralise.s 0*20 gm. of caustic soda. Calculate 
formula of the acid, and its basicity. basicity 2. 

On chemical equations. — A chemical equation has got a quanti- 
tative significance. It indicates the relative amounts hy weight (also, 
by volume in the case of gases) of different substances involved in a 
chemical reaction. It may, therefore, be used in working out chemical 
problems. The following informations will be found useful in the 
chemical calculations : 

(i) All Teactiofis represented bv chemical equations are assumed 
to take place at N.T.P., ie,, at and 760 mm. pressure. 


(ii) The weight of 1 litre of hydrogen at N.T.P. = 00899 gm. 

Density of air (relative to hydrogen) is 14*4. 

Weight of 1 litre of air at N.T.P. = 14*4 x 0*0899= 1*295 gms. 

(iii) Molecular weight of a gas 2 x its vapour density (H = l). 

Vapour density of a gas (H = 1) = its vapour density (0 = 1). 

X vapour density of oxygen (H=l). 

(iv) Mass = volume x density 

(v) Atomic weight := Equivalent weight x valencyi 

(vi) PV/T = P'V7T' where P, V, T and P'. V', T' are the 
pressure, volume and temperature 'of a gas under two sets of 
conditions.* 

For moist gases, the barometric pressure (P) = pressure of the 
gas (p)+ aqueous tension (f) at the temperature at which the gas is 
collected: p=P-f, 

(vii) Atoms and molecules stand for gram-atoms and gram- 
molecules, i.e., atomic weight and molecular weight expressed in 
grams. 

(viii) In the synthesis of water from its elements, two-thirds the 
contraction — the voluyne of hydrogen, and one-third the contrac- 
tion = the. volume of oxygen. 

(ix) One gram molecule of a gas occupies 22*4 litres at N.T.P. 
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Exetcifet 

(a) GnirfaieMe analj'sb.— involving ehemieal equatioiu, but not 
introdMcing g<a volumes, 

(1) How much carbon is required to reduce 165 gms. of CO, to CO? 

' CO, + C = 2CO 

44 12 

44 gm. CO, are reduced by 12 gm. carbon. 

165 gm. CO, are reduced by 45 gni. carbon. 

(2) What weight of chalk must be decomposed by HCl to yield sufficieul CO,, 
to convert 50 gm. of NaOH to sodium carbonate. 

2NaOH + CO, = Na.,C 03 -f H,0. 

2 x 40 44 

80 gm. of NaOH react with 44 gm. of CO, 

50 gm. of NaOH react with 65/2 gm. of CO, 

CaCO, + 2HG1 = CaCl, -f H,0 + CO, 

100 44 


44 gm. of CO, are obtained from 100 gm. of CaCO, 

55/2 gm. of CO, are obtained from 62*5 gm. of (^aCO., 
weight of chalk required = 62*5 gm. 

3. 8 gms. of pure manganese dioxide are heated with an excess of HCl 
and the gas evolved is passed into a solution of KI. Calculate the weight of 
iodine liberated. Molecular weight of MnO, = 65+2x16 == 87. Sagpur ’33. 
MnU, + 4HC1 = MnCJ, + 2H,0 + Cl, ; 2KI + CL, - 2KCI + 1, 

87 71 71 2 X 127 


87 gms^ of MnO, produce 71 'gms. of chlorine 
'■ /. 8 gms „ „ 71x8/87 or 6*528 gm. of chlorine. 

35*5 gm. chlorine liberate 127 gm. of iodine 
6*528 gm. ,, ,, 127 X 6*528/35*5 or 23*36 gm. of iodine 

the weight of iodine liberated = 23*35 gms. 

/ 4. IIow much potassium chlorate must be strongly heated to yield as much 
gen as would be obtained from 200 gms. of mcrcurric oxide? " ('atcutta, *46 

Moleculer weight of KCIO, = 122*5^ and that of HgO = 216. 

2HgO = 2Hg + 0, ; 2KC10, --= 2KC1 + 30, 

432 32 245 96 


432 gms, of HgO produce 32 gms. of oxygen. 

200 gms. ,, „ 32 X 200/432 or 14*8 gm. of oxygen. 

96 gms. of oxygen are obtained from 245 gms. of KCIO,. 

/. 14*8 gms. „ „ „ * „ 245 X 14*8/96 or 37*78 «m. of KCIO.^ 

the* amount og KCIO, required = 37*78 gms. 

6. 1*84 gms. of a mixture of CaCO, and MgCO, is strongly heated till no 
further loss of weight takes place. The residue weighs 0*96 gm. Calculate the 
percentage composition t)f the mixture. V, P. Hoard ^43. 

Let the weight of CaCO, = x gras., then the wt. of MgCO., = (1*84 -ar) gms. 

CaCO, = CaO+CO, 

100 66 


i.e., 


100 gms. of CaCO, leave a residue of 56 gms. of CaO. 

X gms. „ „ „ 66af/100 gm. of CaO. 

MgCO, = MgO + CO, 

84 40 


i.c,, 84 gms« of MgCO,^ leave a residue of 40 gms. of MgO. 
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(1'84-*) gms. leave a residue of 40(l-84-*)/84 em. of MeO. 

. S6x , 40(1-84-*) ^ 

■ ■ 100 *84 “ * = 1. 

% of CaCO,=lxlOO/l-84 = 54-35; % of MgCO,=0-84xl00/l-84=45-66. 

b, A sample of chalk contained as impurity a form of clay which tost 14-6 
per cent of ita weight on prolonged heating. 5 gms. of the chalk were heated 
^Ad the total loss in weight (due to evolution of water and carbon dioxide) 
was 1-507 gm. Calculate the percentage of chalk in the sample. 

Supmse 5 gm. of the sanmle contain * gm. of pure chalk: then amount of 
day = (5-*) gms. CaCO, = CaO+CO. 

100 44 

100 gms. of chalk lose 44 gm. on heating. 

.-. * gms. „ 0-44* gm. 

100 gms. of clay lose 14-5 gins, on heating. 

(5-*) gm. „ „ 0-145 (5-*) gm. on heating. 

0’44a;-i-0‘145 {5-x) = 1*507, whence x = 2*65. 
the % of chalk in the sample =2*65x100/5 = 53. 

7. 0*5 gm. of a mixture of KOI and KI dissolved in water and precipitated 
with silver nitrate gave 0*809 gm. of silver chloride and iodide mixture. Cal- 
culate the weight of KCl in the 0*5 gm. of the mixture. 

Suppose the weight of KCl in the mixture is x gm., 
the weight of KT = (0*6— aj) gm. * 

KCl+AgNO, = KN0,+AgCl; KI+AgNO^ = KN0,+Agl 
74*5 143-5 166 235 

^74*5 gms. of KCl produce 143*5 ^rns. of AgCl 

^* - 4^* ^ 143*6«/74*5 gm. of AgCl 

166 gms. of KI produce 235 gms. of Agl. 

(0*5-®) gms. of KI produce 235 (0-5-a;)/16€ gins, of Agl. 

. 143*53? - 235 (0*5 — JJ) A.Qr)n n on 

‘ * " 74y ^ — “iS ~ whenece .c = 0-20. 

(b) Calculations on equations involTing gas Tolumes. 

8. You are given a balloon with a capacity of 1000 litres and you are to 

^ It with hydrogen at 30® C and .560^ m.m. pressure. How much iron would 
ou require for the purpose? 7^0 Banaras *22 

Let 1000 litres of H, at 30®C and 750 m.m. occupy v litrc/i at N.T.P, 

30+273 273 

(i) 3Fe+4H,0 = Fe,0,+4H, 

3x66 4x22*4 litres at N.T.P. • 

t.c., 4x22*4 litre of at N.T.P. require 3x56 gm. of IJe 

„ „ „ (3 X 56 X 889*4) /4 x 22*4 or 1667 gm of Fe. 

(ii) Fe+H,SO, = FeSO,+H, 

66 22*4 litres at N.T.P. 

t.e., 22*4 litres of at N.T.P. require 56 gm. of Fe. 

/. 889*4 litres „ „ (56 x 889*4)/ 22*4 or 2224 gm. of Fc. 

/. iron required is 1667 gm. or 2224 gm. according as Fe reacts with steam 
or acid. 

i09. Calculate the amount of KCIO, which on complete decomposition will 
yiMd just sufficient oxygen for the complete combustion of 1520 c.c. of a 
g&s mixture, consisting of 20 per cent methane and 80 per cent carhon monoxide 
at 27^ C and 750 m.m. pressure. Calcutta *44. 
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Suppose the volume of the gas mixture is v c.c. at N.T.P. 
. VX760 1620 x 750 i 

• • -w = - ^ ^ 


Vol. of CH, = 1365x0*2 = 273 c.c.; vol. of CO = 1366x0*8 = 1092 c.c. 

(i> CH,-f 203 = C 03 + 2 H ,0 

1 vol. 2 vols. 

i.e., 1 c.c. of methane at N.T.P. is burnt by 2 c.c. of 0^ at N.T.P. 

/, 273 „ „ „• are burnt by 546 c.c. of 0, at N.T.P. 

(ii) 2CO+0, = 2CO, 

2 vol. 1 vol. 


i.e., 2 c.c. of CO at N.T.P. are burnt by 1 c.c. of O^ at N.T.P. 

/. 1092 c.c. ,, „ „ „ „ 546 c.c. of Oj at N.T.P. 

total volume of oxygen required = 546 +546 =- 1092 c.c. 

Now, 2KC10, = 2KC1+30, 

245 gm. 3x22*4 litres at N.T.P. 

i.e., 3 x 22400 c.c. of Oj are obtained from 245 gm. of KClOj. 


1092 c.c. 


n 


>> 


» 


245x1092 

3x22400 


or 3*98 gm. 


y^lO. Assuming air contains 23 per c-mt by weight of oxygen find out the 
/TOume of air, at 27 ®C and 750 m.m. pressure that would be required for 
complete combustion* of one kilogram of coal, containing 90% C and 5% H. 
1 kilogram = 1000 gma. 

1 kilogram of coal contains 900 gms, of carbon and 50 gms. of hydrogen, 
(i) C+0, = CO, ^ 

^ f.e., 12 gm5. of carbon require 32*^ gms, of O, 

900 gm.s. „ „ (32 x 900) /12 i.e., 2400 gms. of 0, 

, (ii) 2n,+0, =:2H,0 

i.e., 4 gni.s. of hydrogen require 32 gms., of 0, 


50 gms. ,, „ (32x50)/4 i.e., 400 gms. of 0, 

Hence total amount of oxygen required — (2400+400) i.e., 2800 gms. 

2800 gms of Oj are present in (2800xl99)/23 gms. of air i.e., 
12170 gm., since air contains 25% O, by weight. 


Now, the density of air (relative to H) = 14*4. 

weight of 1 litre of air at N.T.P. = 14*4x0*09 i.e., 1*296 gm. 


i.e., 1*296 gms. of air occupy 1 litre at N.T.P. 


12170 gms. „ „ „ 12170/1*296 i.e., 9396 litres at N.T.P. 

Let it occupy v litres at 27" C and 760 m.m. pressure. 


XX750 9396x760 . 

mfrr " 2 ^ 

/ll. H,S obtained by treating a sample of ferrous sulphide with dilute 
sqlphuric acid containe^^ 5% of hydrogen by volume. What percentage of free 
i/on did FeS contain? 

Let the % of free iron in FeS be x 


100 gms. of the sample contain (100- x) g. of FeS and x gm. cf free Fe. 
FeS+H,SO, = FeS0,+H3 
88 22*4 litres of H,S at N.T.P. 

(100-x) gm. of FeS produce 22*4 X (100- x)/88 litres of H,S at N.T.P. 
Fe+H,SO, = FeSO^+H, 

56 22*4 litres at N.T.P. 

/. X gm. of iron, produce 22*4x/56 litres of H, at N.T.P. 
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But the ratio of HjS to H, in the gas mixture is as 95 is to 5. 

= 05 : 5 whence x = 3*24 • % of free Fe — 3*24. 

oo 56 

12. Hydrogen obtained by tho action of sulphuric acid on 10 gms. of zinc, 
is passed oved 50 gros. of pure and dry copper oxide. Find the weight of the 
residue and the volume of g^iseous product at 100® and 76 cm. pressjire. 

Calcutta '19. 


(i) Zn+H^SO, = ZnSO,+H, 

65 2 gms. or 22*4 litres of at N.T.P. 

/. 10 gms. of Zn produce (22-4xl0)/66 t.c., ^45 litres of IT, at N.T.P. 
or (2xl0)/65 or gm. of H, 

(ii) CuO+Ha = Cu+HaO (steam). 

22*4 litres of at N.T.P. produce 22*4 litres of steam at N.T.I*. 

/. 3*45 litres of at N.T.P. produce 3*45 litres of steam at N.T.P. 
Let it occupy v litre at 100* C and 76 c.m. pressure : 


vx76 3*45x76 
273+100” '273' ' 


whence v = 4*71 litres. 


(iii) 2Ha+0, = H,0 
4 32 

/. 0*3 gm. of combines with (32x0*3)/ 4 i.e., 2*4 gms. of 0^ 

which is taken from the copper oxide. Hence the weight of the residue 
—50—2*4= 47*6 gms. 

^ ✓ 13. 1.3158 gms. of a sample of limestone was dissolved by heating in HCl 
in an air-free ^apparatus. The gas liberated v7as freed from acid vapour and 
‘dried, when its volume measured at 27®C and 750 m.m. was found to bo 311*8 c.c. 
10526^ gms. of the same sample, when strongly lieatcd till no more gas was given 
off, left a reside of 0*6126 gm. Calculate the density (mass pPr unit volume) 
of the gas at N.T.P. and its molecular weight. Calcutta *40T 


Let 311*8 c.c. of the gas occupy v c.c. at N.T.P. 

311*8 x 750 _ 760 XV . y = 280 c e 

273’+27 " ' 273 

Now 1*3158 gms. of limestone liberate 280 c.c. of the gas at N.T.P. 

• 1*0526 gms. of limestone liberate (280 xl‘0526)/ 1*3158 i.c., 224 c.c. 

of the gas at N.T.P. 

1*0526 gm, of limestone, after liberating 224 c.c. of the gas leave a residue 
of 0*6126 gm. 

/. 224 c.c. of the gas at N.T.P. weigh (1*0526—0*6126) i.e., 0*44 gm. 

Hence density of the gas = 0*44/224 i.e., 0*001064 gm. per c.c. at N.T.P. 

/. 1 litre of the gas at N.T.P weighs 1*964 gms. cr 22*4 litres (gram- 
molecular volume) weighs 1*964x22*4 i.e., 44^ gms. 

Hence tbe molecular weight of the gas is 44 gms. • 


yl4. A sample of 25 gms. of pure chalk were uniformly mixed with pure 
0*75 gms. of the mixture when treated with hydrochloric acid liberated 
^;I25 c.c. of COa, measured at 27*C and 756 m.m. pressurt. Find the amount of 
/silica that was mixed with the sample of chalk. 


Suppose the volume of CO, at N.T.P. is v. c.c., then 

V X 760 1 25 X < 56 y — liZ'2 c.c. 

273 300 

CaCO.+2HCl = CaCla+H,0+C0, 

100 22400 C.C. 


i.e., 22400 c.c. of CO, are liberated from 100 gms. of chalk. 
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U3’2 c.c. „ „ 113*2/22*4 or 0*5 gm. of chalk. 

‘ ^75 gm, of the mixture cottiained 0*5 gm. of chalk, aod hence 

0*75-0*5 = 0*25 gm. of silica. 

Hence, 0*5 gm. of chalk was mixed with 0*25 gm. of silica 
or 25 gm. „ „ 12*5 gms. 

* ,*, the amount of silica 12*5 gms. 


5 C.C. of a solution of liberated 0*508 gm. of iodine from 

Kl solution. Calculate the strength of the hydrogen peroxide solution in 
^orras of (a) grams per litre,, and (b) ‘volume* strength. 

(a) H,0, + 2HC1 + 2Kr = 2KC1 + 2H,0 + I, 

34 254 


.*. 0*608 gm. of was liberated by (34x0*508)/ 254 or 0*068 g. of H^O,- 

Hence the strength of tho solution = (0*068 X 1000 ) / 5 = 13*6 grams of 
hydrogen peroxide per litre. .*, tho solution is 1*36% strong, 

(b) 1 % solution is of “3*3 volume** strength 

,*. 1*36% solution is of “1*36x3*3 volume** strength. 

i.e., the strength is “4*48 volumes*’. 


/ 16. 0*0321 gm. of an impure .sumplo of aluminium gave on treatment with 
^ute hydrochloric acid 39*3 c.c. of moist hydrogen measured at 13** C and 
.761 m.m. pressure. The impurity in the sample was alumina. Calculate the 
^percentage of purity of the metal. Aqueous tension at 23® C = 11 m.m. Cal. *46. 


Let tho volume of hydrogen at N.T.P. be v c.c. ,tlien 


2x760 39*3 X (761-11). 

273 (273+13)" 


whence v = 37 c.c. 


2AI+6HC1 = 2A1C1,+3H, 

. 2x67 gm. 3x22-4 litres at N.T.P. 

37 c.c. of hydrogen correspond to (2x27x37)/3x22400 gms. of 
aluminium, i.e., 0*02973 gm. of Al. 

Hence, tho impurity := (0*0321—0*02973) = 0*00237 
.*. the % of impurity = (0*00257x100)/ 0*0321 = 7*38%. 


y 17. Calculato the percentage of potassium chlorate in a commercial sample 
0 / the material, contaminated with potassium chloride, 1*555 gms. of which 
^liberate, when fully decomposed, just sufficient oxygen for the complete com- 
f bastion of 158 c.c. of acetylene gas at 27®0 and 750 m.m. pres.sure. 

Calcutta 1949. 


Let the volume of acetylene at N.T.P. be v c.c,, then 


vx7^ 
■ *^3 


1^2x750 

300 


whence v = 136*6 c.c. 


From the equation ; 2C2Ha+502 = 4C0^+2Hj,0. 2 c.c, of acetylene are 
burnt by 5 c.c. of oxygen. Hence the volume of oxygen required : 

= (5 X 136*6) /2 = 341*5 c.c. 


Now, 2KC10, =r 2KC1+30, 

245 3x22400 c.c. 

i.e., 3x22400 c.c. 0^ are obtained from 245 gms. of KCIO, 

/. 341*5 c.c. of O, „ „ (245 X 341*6) /3X 22400 or 1*246 

gm. of KCIO 3 . 

,*. % of KCIO 3 in the sample == (1*246x100)/ 1*565 = 80*13%. 


18. How many c.c.’s of hydrogen and oxygen at 10® C and 770 mm. pressure 
can be obtained from 1 gram of waterT H 1273 c.o, ; 0 636*5 c.o. 
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19. Wbat weight of potaasium chlorate is required to yield oxygen sufficient 
to burn the hydrogen evolved by the action of water upon 230 gms. of sodium? 

204*2 gm. 

How much marble and hydrochloric acid containing 22 per cent HCl are 
required to give 10 litres of CO,, at 15*C and 760 m.m. pressure? 

42*32 gm. marble; 140'5 gm. HOI sijlution. 

21. 2’5 litres of nitrous oxide are collected at 39® C and 741 mm. pressure. 
Wliat weight of animoriiuni nitrate are decomposed in order to supply the gas ? 

7*6 gm. 

72, 5 gms. of manganese dioxide are heated ^ith excess of FCl. The 
chlorine evolved is passed into potassium iodide solution. Calculate the weight 
of iodine liberated. Bombay '14. 14*60 gms. 

23. 0*2925 gni. of a specimen of common salt from Khowrah mines was 

dissolved in water and competely precipitated by a solution of silver nitrate. 
Tlio precipitate after washing and drying was found to weigh 0*7075 gm. What 
was the percentage of sodium chloride in the specimen? Ag=108, Cl = 35*5. 

Bombay '10. 98*63 p.c. 

24. What weight of sulphuric acid would be required to convert the sodium 

chloride^ obtained from 2 litres of sea water, completely into sodium sulphate? 
8ea-water contains 3*42 per cent by weight of common salt. Density of sea- 
water 1-04. Allahabad '20. 69*68 gms. 

25. 5 gms. of potassium chloride were heated with enough cone. IlaSO* 
and manganese dioxide. The evolved gas was led into 6 gms. of caustic soda 
in 50 c.c. of water. When the experiment is over what will bo the composition 
of the alkali solution? NaCl, 1*963; NaOCl, 2*5; NaOH, 2*315 gms. Calcutta '40. 

26. Tlio temporary hardness of a sample of water can be removed by 

adding 10 milligrams of lime per litre ; find the number of milligrams of calcium 
salt in the sample. Nagyur '26. 28*9i mg. per litre, 

27. 6 gms. of a fixture of potassium^ chlorate and chloride ^n ignition left 

4*0460 gm. of the chloride. Find out the*percentage of chloride in the original ^ 
mixture. 16*88 


28. 20 c.c. of a solution of KCl containing some NaCl gave on evaporation 

1*873 gms. of the mixed salts which gave 3*731 gms. of silver chloride by 
reaction with silver nitrate. Calculate the quantity of NaCl in 10 c.c. of the 
solution. (K=39*l; Ag = 108; Cl=35*5; Na=23). 0*1218 gm. NaCl. 

29. Three grams of a mixture of anhydrous sodium carbonate and sodium 

bicarbonate lost 0*348 gm. on heating. Calculate the percentage of sodium 
carbonat-e in the mixture. 68*567. 


30. Calculate the quantity of pyrolusite, containing 60% by weight of 
manganese dioxide, whicli would bo required to liberate sufficient chlorine from 
HCl to make 10 gms. of anhydrous ferric chloride from the metal. Assume 
that 10% of tlie available chlorine is wasted. 14*9 gms. 

/31. 30 gms. of KClOg are heated to produce oxygen. What weight of zinc 
will bo required to generate sufficient hydrogen to completely combine with the 
Oxygen liberated? Zn=66*4. 48*0 gms. 

32. Calculate the volume of hydrogen at 27® C and 750 mim pressure that 
would be produced in each of the foTlowing cases by the decomposition of 
5*4 gins, of water when (a) water is acted upon by sodium, (bj water reacts 
with calcium hydride, (c) steam is passed over red hot iron. 

(a) 3*74; (b) 7*48; (c) 7*48 litres. Calcutta *41. 

33. How much snlphuric acid would be needed to neutralise the ammonia 

produced from 107 gm. of chemically pure ammonium chloride? What would 
»e the volume of ammonia, if liberated and collected at 37 ®C when the baro- 
metric pressure was 760 mm. and the vapour tension of liquid over which 
ammonia was collected was 2*3 mm.? 85 gms., 51,04 litres. Calcutta *37, 

34. 1 gm. of a mixture of sodium carbonate and sodium bicarbonate, in 
>^al proportions by weight, is ignited until there is no more loss in weight. 

VWhat volnxne of CO, is evolved at N.T.P.? 66*6 c.c. Nagpur *34^ 
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>^35. Air contains 23 per cent oxygen by weight. Its density (H — l) is 14*4. 
volume of air at N.T.P, is required to convert 1 gram of carbon into 
(producer gas (CO and N,)? 4*474 

36. A balloon of lOOO litres capacity is to be filled with hydrogen at 27® C 

and 750 mm. pressure. Calculate the minimum quantity of iron required to 
liberate the necessary amount of hydrogen. Calcutta ’25. 

1684 gms.<^ of Fe by steam-iron process. 

37. What weights of zinc and sulphuric acid are required to produce enough 
hydrogen to reduce completely 8*5 gms. of cupric oxide to copper? 

(Cu=63*5, Zn=66*4). Zn 6*99 gm. ; acid 10*47 gm. Punjab 1944. 

38. A sample of dolomite contained 54% CaCOg and 42% MgCO, and 
4% clay. Calculate volume oi CO^ measured at 10” C and 750 mm. which would 
be evolved on heating 5 gm. of the sample with HCl. 

1*224 litres. Punjab 1934. 

39. Ferrous sulphide containing some free iron is decomposed by HCl 

to give a mixture of H, and H^S. The gas mixture on treatment with alkali 
decrease in volume to one- tenth. Calculate the percentage by weight of free 
iron in ferrous- sulphide. 6*^ per cent. 

40. Calculate the volume of a solution of sulphuric acid of density 1*8 and 
containing 89% of pure acid that would be required to make 2000 c.c. of SO,, 
measured at N.T.P., by acting on sodium sulphite. 

Andhra University, 5*46 c.c. 

41. A certain coal contains 2*20 per cent of sulphur by weight. What 
volume of sulphur dioxide at N.T.P. is evolved when 1 ton of this coal is burnt? 

15640 litres. 

42. Calculate the quantity of pure CaCO, from which one litre of CO^ 

at 27®C and normal pressure may be prepared. What weight of pure carbon 
would yield the same quantity of CO,? Calcutta ‘29. 

CaCOj, 4 gm. ; Carbon 0*49 gm. 

* 43. Calculate the weight of copper and the volume of nitric acid required 

for the preparation of 5 litres of nitric oxide, measured at 20” C and 755 n^. 
pressure assuming that no side reactions take place. The nitric acid supplied 
has a density of 1*42 and contains 61 per cent by weight of real nitric acid. 

Inter Board, V. P, 19*7 gms. Cu; 60*12 c.c. HNO, 

44. 25 c.c. of potassium permanganate solution containing 6 gins, per litre, 

were required to react with W c.c. of a solution of HjO, in the presence of 
dilute H,SO^. Calculate the volume of oxyi;en measured at ZO^’C and 750 mm. 
pressure which would be liberated from 100 c.c. of the H.O, solution by the 
action of finely divided platinum. 144*5 c.c. 

45. 3*00 gm. of a mixture of zinc powder and zinc oxide wore attacked 

by an excess of dilute H^SO^ to give 600 c.c. of hydrogen, measured over water 
at 17® C and 750 mm. What p.c. of pure zinc atoms in the mixture were combined 
with oxygen? Zn=65*4; aqueous vapour=14 mm. at 17®C. 41*4%. 

46. 1 gm. of zinc containing ZnO as impurity, gave on treatment with 

dilate acid 130 c.c. dry H, at 50®C and 755 mm. pressure. Calculate percentage 
of zinc in the impure specimen, Zn=65*3. London Mattie, 31*82%. 

47. What products would be obtained, and what weight of each, when 
10 grama of (a) potassium chlorate, and of (b) white marble are separately 
heated to redness untif no farther change occurs? 

6*1 gms. of KCl; 3*9 gms. of 0,; 5*6 gms. of CaO; 4*4 gms. of CO,. 

48. A solution was known to contain both nitric and hydrochloric acids. 
For complete neutralisation it was found that 50 c.c. of the acid solution 
required 42 c.c. of caustic soda solution containing 25 gms. per litre, whilst on 
precipitation with silver nitrate 50 c.c. yielded 2*45 gms, of silver chloride. 
Calculate the weights of hydrochloric and nitric add, respectively contained 
in 1 litre of the solution. (AgslOfi). 12*46 gms. HGlj 11*57 gms. hNO,. 

London Mattie. 
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weight of KClOj necessary to prepare 1 litre of oxygen at 
27 G and 760 mm. pressure. 3*275 gms. KCIO,. 

50. What volume of carbon dioxide could be obtained by dissolving 3 gms. 

pure niarble in hydrochloric acid? What volume would the gas occupy air 
16*0 and 750 mm. ? , 672 Ic., m? c.c. 

61. In order to determine the strength of a sample of HCl of sp. gr. 1*55, ‘ 

10 c.c. were taken and added to 7*5 gms. of marble j after all the action has 

ceasc^i, 2*664 gm. of marble was left uiidissolvcd Calculate the percentage by 
weight of hydrochloric acid in the sample of fclu aaid London imatric, 22*78 p.c. 

52. A diad metal forms several oxides ; it was found that when 411 gms. 
oxide (eontainiAg 9*34 per cent of oxygen) w'crc heated with nitric acid 
.W*2 gms. of the nitrate had been formed, whilst 143-4 mns. of another oxide 
(containing 13*59 per cent of oxygen) were left undisiolved. Calculate the 

formulsE^ t)f the oxides and the aiomic weight of I ho metal, and write out the 

equation represeting the reaction which took place. 

MjO^; MOaj atomic weight 207. 

63. 1*0(X) gin. of a mixture of the caiboiialcs of calcium and magnesium 
gave 240 c.c. of CO^ at N.T.P. Calculate the coroposition of the mixture. 

62*5% CaC03; 37*5% MgCO,. 

54. 4*6 gms of water aro (a) decomposed by sodium ; (b) passed us steam 
over road hot iron ; (c) decomposed by an electric current. What volume of gas 
at N.T.P. is produced in each case? 2*8 litres; 5*6 litres; 8*4 litres, Calcutta '27. 

55. How much ammonia would you get from 1 i;m. of NH.Cl at IS^C and 

740 m in. ? Oahutta 16. 453*5 c.c. 


56. What volume of H^S at 20®C and 720 nun. is required to convert 1 gm. 
of copper sulphate, CuS0^.5H,0, into copper sulphide ? How much ferrous 
sulphide would be required to yield the recpiivsitc volume HgS? 

. 0*1017/. of H,S; 0*353 gm. of FeS. 

57. When steam is passed over heated carbon a mixture of hydrogen, and 

carbon monoxide is formed. What volumo of (ho gas would be obtained from 
1 kilogram of carbon? 3733 litres. 


58. An impure specime.n of magnesium carbonate was found to lose 16% 

by weight on heating. Wliat was the percentage purity of the sample if the 
only other substance was sand? 30*5% MgCO,. 

59. A solution of sodium carbonate containing 21*2 gins, of the anhydrous 
salt and 100 gms. of water is treated with a slow current of CO, until no further 
action takes place. Write an equation for the reaction that takes place, and 
calculate what amount of sodium bicarbonate will be thrown out of the solution 
during the passage of the gas, the solubility of the bicarbonate being 9 gms. in 
100 gms. of water at the temperature of the experiment. 24*6 gms. deposited. 

60. When 1*225 gms, of potassium chlorate was strongly heated, 336 c.c. 
of oxygen were evolved at N.T.P., and the residue weighed 0*745 gm. What 
is the density of oxygen, and its molecular weight? 1*43 gms. per litre; 32. 

61. 25 e.c. of *20 volume’ hydrogen peroxide are added to a solution of 

potassium iodide. What weight of iodine is liberated? 11*32 pms. 

• 

62. What volume of oxygen at 12®C and 780 mm. will be required to burn 
all the hydrogen evolved by the action of dilute HCl on 25 gms. of zinc? 

Zii = 65*5 Calcutta *08. 4*35 litres. 


// 63. A quantity of carbon monoxide is passed through red-hot tube con- 
i(0ning ferric oxide. The resulting gas is absorbed in caustic potash. The gain 
weight of caustic potash was 0*86 gin. What was the volume of CO atN.T.P.? 

437’S c.c. 


64. What volume of air at 27*0 and 760 mm. would be required for the 
complete combustion of 100 volumes of a gaseous mixture containing 46% H,, 40% 
CH,, 14% CO by volume? Air contains 79% N, and 21% 0, by volume. 

* Calcutta *21. 583*3 vols. 
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A66. How much Hj,SO^ is required to decompose 100 of chalk and how 
CaSO^ is produced? What is tlie volume of the gas produced at N,T.P. ? 
^ 98 gras. H,SO,; 136 gms. GaSO, ; 22 4/. GO;. 

66. How many tons of II can theoretically be obtained from 500 tc>a.3 

^pyrites containing 48% of sulphur? 736 tons. 

67. How much pyrolusiie (82% MnOj, and how much hydrochloric add 
(33% HCl) will be required to furnish the chlorine necessary to convert 40 gms. 
of potassium hydroxide completely into chlorate and chloride? 

, 38 grams ; 158 grams. 

68. A mixture of KCU and K1 is converted into potassium sulphate; and / 
the weight of the sulpiiate is found to be the same as that of the original mixture, y 
In what pioportions- were the salts present in the mixture? 

74% KCl; 26% KI. 

68. Give equations representing the formation of hydrogen by the action 

of (a) steam, (b) dilute H^JSO^ on iron. W^hat weight of iron would be necessary 
in each case for the preparation of 300 litres of hydrogen measured at 27® G 
and 740 mm. pressure ? 498*6 gin. ; 664*8 f m. 

69. (Calculate the volume of nitrous oxide, measured at N.T.J*., obtain^.blc 
from 20 gms. of ammonium nitrate, and the volume of nitrogen it would contain. 

5*6 litres in each case. 

70. What weight of common salt would be required to furnish sufliciont 

hydrogen chloride to neutralise 100 gms. of a 30% solution of caustic soda? 
What would be the volume of the gas at H.T.P. ? 43*9 gms.; 16*8 litres^ 

71. It was found that 224 c.c. of SO^ at N.T.P. just decolourised ICO c.o. 

of a solution of KMnO^ in dilute sulphuric acid. Calculate the strength of the 
potassium permanganate solution in grams per litre. 6*32 gms. per litre. 

72. In order to determine the strength of dilute sulphuric acid having the 
density 1*091, 2 gms. of pure inagnesito were treated with 10 c.c. of the acid. 
.After all action' had ceased it v\as found that 0*8743 gm. of magne.siUi nmained 
undissolvcd. (\ilciilatc the niiinbor of gms. of HaSO^ in (a) a litre, (b) a kilo- 
gram, of the dilute acid. What volume of 00, at 13®C and 740 inm. pressure 
would be produced in tlic above reaction? 131*3 gms. ;120*3 gms; 322*8 c.c. 

73. (‘alculate the volume of air at 30“C and 750 mm. pressure that will V© 

requiix'd for the complete combustion of 5 gms. of a .sample of pyrites containing 
40 per cent of sulphur assuming that dir contains 20 per cent of oxygon by 
I’olume. Calcutta 1950. 7'8 litres. 


Eudiometry 

Eudiomciry refers to reactions taking place in the gas phase only 
and heticc is concerned with the analysis of gases and volumetric 
composition of gaseous compounds. The equation : 

+ ^ 2 H 2 O (steam) 

signifies that ' 2 gram molecules of hydrogen combine with 1 gram 
molecule of oxygen to form 2 gram molecules of steam, or 2 x 22*4 
litres of hydroge'ii combine with 22*4 litres of oxygen to form 2x22*4 
litres of steam — the volumes being all measured at N.T.P. 

the relative volumes of hydrogen, oxygen and steam in the 
above reaction is Hj: O^: steam is 2:1:2 by volume. 

In eudiometry, for comparison of volumes of gases involved im 
a reaction, the knowledge of their relative volumes (and not otuhe 
actual volumes) is required, and for convenience 1 ^anv^moJecule' of 
^ gas is supposed to occupy one volume (which, howevci*, stands^ for 
J22'4 litres at N.T.P.). Hence the equation 2H3+OaS=:2HaO (steam) 
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sliows that 2 volumes of hydrogen unite with one volume of oxygen 
to give ii xolumes* of steam, ' 

Illustrations -(i) 2 El, + 0, = 2H,0 (steam) Contraction 

a Vv !s, 1 vdI. 2 vols. I volume 

VVIieii the temperature of the eudiometer is below 100® C, steam condenses into 
water of negiiglblo volume, tand hence the contraction becomes S voluMti. 

^ISrds the contraction = the volume of hydrogen; 

1 lord the contraction = the volume of oxygen. 


(ii) 

C'H, 

+ 20, - 

CO. + 

2H,0 (liquid) ('ontractinn 


1 vol. 

2 vols. 

1 vol. 

0 vol. 2 volumes. 


(iii) 

2C,H, 

+ SO, = 

400, + 

2H,0 (liquid) 



2 vols. 

5 vols. 

4 vols. 

0 vol. 3 volumes. 


(iv) 

C.H, 

■+■ 30, = 

2CO, + 

2H,0 (liquid) 



1 Vol. 

3 vols. 

2 vols. 

0 \ol. 2 volumes. 


(v) 

CO + C (solid) : 

= 2C10 

Expansion. 



1 vol. 

0 vol. 

2 vols. 1 volume 


(vi) 

N. + 

0, = 2N0 

No change in 

volume. 


1 vol. 

1 vol. 2 vols. 


'riio 

volunio 

(occupied )»y a 

lufuid or a 

solid is negligibly small compared with. 

it of 

a gas 

; tliey are, 

therefore, 

supposed to occupy zvto 

volume la 


eudiomoliy. 

In ffos umdysis the volumes of gases, may be found out by absorption with 
Mjitable absorbents. — (i) caustic potash for C(K dnd other cfi'id gases, (ii) alkalint 
pyioijailate for oxygen^ (iii) ammoniacal nq^roits chloride for vO and acetylene, 
and (iv) fiimipg j/ or bromine water for ethylene. Volume of methane is 
found out by explosion with oxygen. 


The formula of gaseous hydrocarbons.— Ihc formula of a 

gaseous hydrocarbon is determined by exploding a known volume or 
it with excess oxygen— die immediate contraction on explosion and ^ 
also the contraction that occurs when caustic potash is admitted (thus 
absorbing the carbon dioxide formed) are being noted. ‘ • 

Contraction on explosion = (volume of gases before explosion) 

— (volume of gases after explosion) 

i.e., contraction -(vol. of hydrocarbons- vol. of oxygen taken ) — 
(vol. of carbon dioxide formed -i- vol. of oxygen left unused). 

or coniraction-- voL of hydrocarbon + (vol. of oxygen taken--yo\. 
of oxvgyi amused) — ^>^ol. of carbon dioxide formed^ j 

**/. contraction hn explosion = vol. of hydrocarbon + vol. of 
oxygen actually used up~voL*of carbon dioxide formed. - 

or Suppose the hydrocarbon is CxHy when x and' stand^ fot atoms of 
carbon and hydrogen respectively. , 

Let the volume of hydrocarbon exploded = m c.c, 

the contraction on explosion == p c.c. • 

the volume of CO, formed = « c.c. 

The equation for the reaction which occurs on explosion is ; 

CxHy + (x+y/4) 0. = X CO, + y/2 HiO. 


1 volume of CxHy uses up (x-\-y/4) volumes of oxygen and pro- 
duces X volumes of' CO^ after combustion— there being an "accom- 
panying contraction 'dfirihg explosion; ' 
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i.e., 1 vol. of CArHy + (;c+y/4) vol. of O 2 -X vpL, of CO 2 + 
cxintraction. 

/. m vol. of CxHy + m{x+yf4) vol. of O^—mx vol. of CO 2 + 
contraction (p cc.). nt-hm{x+y/4)=^mx+p 
or m (l+y/4) = />; /. y = 4 (p/m-1); also* n = m;c s.x-njm. 

Substituting the values of m, p and n from actual experimental 
data, the formula is deduced. 

Exercises 

y 1. 20 c.c. of a gaseous hydrocarbon were exploded with excess of O^. T1 k‘ 
yNAtraciion observed was 30 c.c. There is a further contraction of 40 c.c. on 
Oneatment with KOH. What is the molecular formula of the hydrocarbon? 
f Calcutta ’48. 

Contraction = vol. of the hydrocarbon + vol. of Oa used up — vol. of 00. j 

formed. 

30 = 20 + vol. of Oa used up —40. vol. of 0, used up =50 c.c. 

Now. COj contains its own volume of O^. C + 0^ = COj. 

40 c.c. COa formed contain 40 c.c. Oa,^i.e., 40 c.c. of 0., were used to 
oxidise the carbon in the hydrocarbon. 

the oxygen ^used in oxidising tho hydrogen of the hydrocarbon 
= (50-40) = 10 c.c. 

vol. of hydrogen = twice the volume of 0^ = 2x10 = 20 c.c. 

20 c.c. of tho hydrocarbon contain this 20 c.c. of hydrogen. 

H ence, 20 'c.c. of the hydrocarbon contain 20 c.c. of and give 40 c.c. 
of CO,. 

1 c.c. of the hydrocarbon contains 1 c.c. of H, and gives 2 c.c. of CO,. 

Or, 1 molecule of the hydrocarbon contains 1 molecule of hydrogen and 
give 2 molecules of CO,. 1 

Now, 1 molecule of hydrogen consists of 2 atoms of hydrogen and 1 molecule 
of CO, contains 1 atom of carbon. /. the formula is CgH,. 

OTj suppose tho hydrocarbon is CxHy, then a;=n/m; y=4(p/m— 1). 
m = vol. of CxHy = 20 c.c . ; p = contraction = 30 c.c. ; and 
n = volume of CO, = 40 c.c. 

X = 40/20 = 2; y = 4(30/20-1) = 2. Hence the formula is 0,11,. 

^ 2. Nitric oxide alone does not explode with hydrogen, but does so when 
ixed with an equal volume of nitrous oxide. 20 c.c. of each of these oxides 

mixed with 40 c.c. of hydrogen werq. exploded. All the hydrogen was used up 

and 30 c.c. of nitrogen produced. Find the formula of nitric oxide, if that 
of nitrous oxide bo N,0. 

Nitrous o:ifiie reacts with hydrogen as N,0 + H, = HjO + N, 

1 c.c. 1 c.c. 1 c.c. 

20 c.c. of NgO consume 20 c.c. of H, and produce 20 c.c. of N,. 
the nitrogen produced from nitric oxide = (30— 20) = 10 c.c. 

20 c.c. of H, were used by nitrous oxide, and hence vol. of H, used by 

nitric oxide = (40—20) = 20 c.c. But 20 c.c. of H, can react with 10 c.c. of 

O, only. 

Hence 20 c.c. of nitric oxide contain 10 c.c. of 0, and 10 c.c, of N,. 

Or, 1 c.c. of nitric contains ^ molecule of 0, and jr c.c. of N,. 

/, 1 molecule of nitric oxide contains i molecule of 0, and i molecule 
of /. the formula is NO. 
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3. 25 c.c. of oxygen are subjected to silent electric discharge and the 
^^^^ 0 lume of ozonised oxygen becomes 20 c.c. Wliat is the composition of the 
>^)zonised oxygen? 

Let the vol. of O 3 be x c.c. vol. of 0, in the mixture = ( 20 -*) c.c. 
Ozoiiisation of oxygen takes place as : ^ 20 ^ ^ 

* 3 c.c. 2 c.c, 

* c.c. of ozone' yield 3*/2 c.c. of oxygen. 

3*/2+(20— *) = 25, whence x = 10, 

vol. of 0 , — 10 c.c. ; vol. of O* — 10 c.c. * 

26 c.c. of marsh gas at N.T.P. are mixed with 300 c.c. of air at 27* C 
jdiQ 750 mm. pressure and the mixture is exploded by electric sparks. Find out 


Vlie volume of the residual gas at and 760 mm. pressure. 

20% O 3 and 80% N, by volume. IT 

Lot 300 c.c. of air at 27"C and 750 mm. occupy v c.c. at N.T.P. 
VX760 30x750 


Air contains 
C(dcutta *15. 


300 


whence v = 269*4 c.c., 


269*4 c.c. of air contains 


20x269*4 


100 


80 x 269*4 

or 53*88 c.c. of O, and Joo 


or 215*62 c.c. of nitrogen at N.T.P. 

'riie reaction involved is CK 4 + 2 O 3 = 2 H 3 O+CO 3 
1 c.c. 2 c.c. 1 c.c. 

25 c.c. CH^ consumes 60 c.c. of 0, and yield 25 etc. of CO,. 

/. the volume of the oxygen left unused = (53*88—50) = 3*88 c.c. Final 
volume of tlnf gas mixture ~ 215*52 c.c. of + 3*88 c.c. of 0, + 25 c.c. of 
CO, = 244*4 C.C.; at N.T.P. 


Let the mixture occupy 1 ; c.c. at 17*0 and 760 ram. 
V X 7^ _ ^4*4 X 760 

Im ~ ^'273 


whence v 265 c.c. 


5. One litre of a mixture of CO and COj is found to give 1600 c c. of CO, 
<»ri being passed through a tube containing red-hot charcoal, both measured under 
tin* same conditions. Calculate the composition of the mixture, Calcutta *14. 


IjoI the vol. of COj in the mixture be x c.c., /, vol. of CO is (1000—*) c.c. 

The reduction of COa takes place as follows : 


CO, -f C = 2CO 
1 C.C. 2 c.c. 


.*. X c.c. of CO, yield 2 * c.c, of CO. .*. CO produced from CO,-f CO 
originally present = 2 * + ( 1000 —*) = 1600, where * = 600 c.c. 

.*. vol. of COa = ^ C.C., and the vol. of CO = 400 c.c. 

^ 6 . 10 c.c. of a mixture of CO, CH^ anj N, exploded With excess of oxygen, 
g^"c a contraction of 6*5 c.c. ; there was a further contraction of 7 c.c. when 
fne residual* gas was treated with KOH. What was the composition of the 
gas mixture? - Allahabad *11. 

Let the vol. of CO be * c.c. and that of CH^ y c.c. /. •the vol. of N, 
-= (10— *-y) c.c. The reactions are : ^ 


(i) 

2CO 

-f 

0, = 

2COa contraction 



2 c.c. 


1 C.C. 

2 c.c. 1 c.c. 


or 

* C.C. 



* c.c. */2 c.c. 


(ii) 

CH. 

■f 

0 

M 

II 

COa + 2HaO 

contraction 


1 C.C. 


2 c.c. 

1 c.c. 

2 c.c. 

or 

p C.C. 



y c.c. 

2y c.c. 


.*. the total contraction = */2-f2y =6*5, and total vol. of CO, formed 
= a:4-V » 7. Solving tlie equations, * = 5 and y 2. 

vol. of CH^ = 2 C.C. ; vol. of CO = 5 c.c. ; vol. of N, = 3 c.c. 
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vi 1, r 100 c.c. of a mixture of nitrous and nitric oxide are slowly passed over 
red-hot copper. The resulting gas occupied a volume of 85 c.c., botli measured 
Rnder the same conditions; 20 c.c. of oxygen were added to another 100 c.c. 
of the same mixture and the volume contracted in this case from 120 c.c. to 
105 c.c. * Assuming that the NO is converted into* NO,, find the composition 
of this 105 c.c. of gas mixture. 

Let the volume of NO be x c.c., that of NjO, therefore, = ( 100 — a;) c.c. 

The reactions are : (i) 2fTO -f 2Cu = 2CuO + N, 

2 c.c. 1 c.c. 

or X c.c. af/2 c.c. 


(ii) N^O -f Cu =^CiiO + N, 

1 c.c. 1 c.c. 

or (100 — ar) c.c. (100 — a:) c.c. 

/, total volume of nitrogen — x/2-l-(100— af) = 85, whence ar = 30. 
the mixture contains 30% NO and 70% NjO. 

The reaction in the second stage, 2 NO -b Oj = 2 NO 3 

2 c c. 1 c.e. 2 c.c. 

or 30 c.c. 15 c.c. 30 c.c. 

i.e., 30 c.c. of NO react with 15 c.c. of 0^, producing 30 c.c. of NO^. 

/. 0 , left unused = (20-15) = 5 c.c., the final 106 c.c. of the gas 
mixture = 70 c.c. N 3 O-I- 3 O c.c. NOj,-f 5 c.c. 0*. 


d 


8 . A gaseous mixture contains 50% 40% CH^ and 10% 0„, Calculate 

_ volume of additional oxygen at N.T.P. that will be rwiuircd for the 
mplete combustion of 200 c.c. of tfie above gas mixture measured at 27® C and 


750 mm. pressure. 


(Jnlcvtta 1942. 


^ Let the voluhio of the gas mixture *bc v c.c. at N.T.P. 
i'*x760 _ 200x750 

^ Then, 273 ' “^34-27“ ^ ~ N.T.P. 

vols. of gases at N.T.P. : H, = 179-6 x 50/100 = 89*75 c.c. ; 

CH 4 = 179-5 x 40/100 = 71-80 c.c. ; O, 179:6x10/100 = 17-95 c.c. 

Now,, 2 H 3 + Oj, + 2 H 3 O, i.e., 1 c.c. needs i c.c. for combustion. 

/, 89*76 c.c. Hj, need 44*875 c.c. oxygen for combustion. 

CH^ 4-203 = C 03 -t- 2 Hj, 0 , i.e., 1 c.c. OII^ needs 2 c.c. O 3 for combustion. 
71*8 c.c. CH^ needs 143*6 c.c. oxygen for combustion. 

/. total oxygen required =44*875 4-143*60= 188*475 c.c. at N.T.P. 
Additional oxygen required = (188*475-17-95) = 170-525 c.c. at N.T.P. 


. 9. To a mixture of acetylene, hydrogen, and carbon monoxide, ocrupyin,; 
^ c.c, f 50 c.c. of oxygen were added and a spark passed. After cooling, Hit* 
/residual gases contained 16 c.c. of carbon dioxide and 36 c.c. of nnbwnt oxygen. 
What was the composition of the mixture? 


Let the vol.® of CaH^ be x c.c. and that of H. y c.c. .*. the volume of 

CO = 20— a;— y. ^ 

The reactions involved arc ; (i) CaH, 4- 5/2 O, = 200, 4- HaO. 

1 c.c. 5/2 c.c. 2 c.c. 

or x c.c. Sxj2 C.C. . 2a; c.c. 

(ii) Ha 4- iOa = HaO (iii) CO 4 - 40a = CO3 
1 c.c. 4 ^ 4 ^ 

f C.C. y/2 c.c. or (20— a;-y) c.c. 4(26— a;—y) c.c. (20-a;-y) c.c. 

/. carbon dioxide formed = 2« 4- (20-a?-y) = 16 or y-ac = 4 
5x 1/ 20~-x—y 

Qjcjrgea used «P = 2" + 2 “ op 4* = 8, x = 2 

composition is 2 c.c. OaH,; 6 c.c. H,; 12 c.c. CO 
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ylO. A mixture of oxygen and carbon monoxide is cxjiosed to the action of 
nU^raYiolet light. Ozone and carbon dioxide are the new j>ases formed in tho 
/Reaction. If 100*000 c.o. of gas were taken in which the ratio O^/CO was 1*015, 
how many c.c. of each will be found in the residue which measures 85*87 c.c. and 
has the ration COa/CO *= 0*2419? « 


Let 100 c.c. of the gas mixture contain x c.c. u! oxygen. 

0 X 

Then whence x 50*36. 


.*. vol. of Oj = 50*36 c.c. ; vol. of CO - 49*64 c.c. 

Let m and n be vols. of 0^ and CO converted into Oj and COj, respectively, 
(i) 30^ ~ ^ 20, contraction 

3 vols. • 2 vols. 1 volume 

or m vol. 2m 13 vol. volumes 

()’.) CO -f iO, = COa contraction 

1 vol. i- vol. 1 vol. i volume 

or n vol. n/2 vol. n vol. n/2 volume 

.*. total contraction = m/3-l-n/2 = 100 -85*87 = 14*13; 
vol. of CO, formed it 


Now, 


vol. of CO loft 49-54 


0*2419, 


or 2m +371 = 84*78 
n = 9*663. 


Again, 2m+3n = 84*78, or 2m+3 x 9*663 ^ 84*78, whence m = 27*895. 
'Pho residfle contains : 0, -•= (50*36— m— n/2) = 17*634 o.c.’s; 

CO3 =-. n 9-663 e.c. ; CO = 49*jS4-ik= 39*977 c.c. ; Total 85*87 o.c. 


yll,., 12 c.c. of a gaseous hydrocarbon were mi.xcd with 90 c.c. of 0^ and ^ 
tjib mixture exploded in an cufdbmcter; after explo'^ion the volume of 
^ . 72 c.c. and on adding KOH 36 c.c. of it disappeared, leaving only What 

Patna aw. 


was ' 
was tho gas? 


>12. 20 vols. of a hydrocarbon, mixed with 80 vols. of O,, gave 60 vols. after 

expl^ion and 20 vols. after shaking with KOII solution. 

V 

13. 20 c.c. of a hydrocarbon were exploded with 250 c.c. of air. Tho irnme- 
diato contraction was 40 c.c. and the volume of COj found by KOH absorption 
was 20 c.c. What is the composition of the hydrocarbon? (Calcutta '32. CH*. 

14. Find the composition of ammonia from the following data — volume of 
ammonia taken = 22*5 c.c. ; volume after sparking for sometime = 46 c.c. ; volume 
after addition of oxygen = 188*5 c.c. ; volume after explosion = 137*88 c.c. 

✓ 15. Find the composition of nitrous oxide from the following data (the 
volumes are reduced to N.T.P.) — volume of gas taken = 10 *c.c. ; vol. after 
^ addition of = 2B c.c. ; vol. after explosion = 18 o.c. ; volun^ after addition 
of Og =s 27 c.c. ; volume after second explosion = 15 c.c. Calcutta *19. 

16. 40 c.c. of a mixture of CO and CgH, gases \were mixed with 100 c.c. 
Og In an eudiometer and fired. After cooling the residual gas occupied 104 c.c.; 
and after treatment with KOH tho residual gas occ^ied 48 c.c. Find the 
composition of the original mixture. Allahabad CO 60% ; CjHg 40%. 

/IV" 100 c.c. of a mixture of CO, CH^, and H, Are mixed with 300 o.c. o! 
Og and fired. After cooling the resulting gas occupied 285 c.c. and after 
absorption by potash 206 c.c. of 0, temaraed. Find tWfepomposition of the 
mixture. CO 60 c.c. ; CH^ 30 c.c. ; w c.c. Calcutta *41m 

IS. WhOT 160 c.c. of ozonised oxygen were pas.sed through a red-hot tube, 160 c.c. 
©f gas remained. Calculate the composition of the original mixture. 

13*33% ozoue. 
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When 60 c.c. of a mixture of N,0 and NO were mixed with equal 
volume of pure hydrogen and exploded, 38 c.c. of pure N, were left. Calculate 
the quantity of each gas in the original mixture. 

Allahabad '06. NjO 16 c.c. ; NO 44 c.c. 

v3d. 36 c.c. of a mixture of methane, ethylene and acetylene were mixed 
witli 100 c.c. of oxygen and sparked. The volume "after explosion was 70 c.c. 

absorption of (JO, by K()H the volume was 10 c.c. Calculate the volume 
of each gas present. " OH^ 12 c.c.; 12 c.c. ; 12 c.c. OjH,. 


’ 15 c.c. of carbon inqpoxide were mixed with 5 c.c. of oxygen and 

exploded. What is the volume and composition of the residual gas? 

CO 5 c,c. ; CO, 10 c.c. 

J 22. What volume of air at 27® C and 750 mm. would be required for the 
^mplete combustion of 1(X) c.c. of a gaseous mixture containing 46% 40% 

marsh gas and 14% CO by volume. Air contains 79% N, and 21 per cent 0, 
by volume. Calcutta '21. 583*2 c.c- 

23. 50 c.c. of a mixture of chlorine monoxide and chlorine dioxide are 
tlecoinpo.sed by a careful hciiting. The chlorine produced is absorbed by KOH 
solution and a diminution in volume of 40 c.c. re.'iiiltcd. Calculate the compa.si- 
tion of the gaseous mixture of (he oxides of chlorine. 

C1,0 30 c.c. ; CIO, 20 c.c. 

24. A mixture of 30 c.c. of nitrous oxide and another oxide of nitrogen 
was exploded with 60 c.c. of H,. After explosion 45 c.c. of N, remained. The 
formula of nitrous oxide is NjO; the second oxide of N, is 15 times heavier 
than hydrogen. Determine the formula of the oxide of nitrogen. 

Nitric oxide, NO. Patna '37. 


25. Two volumes of a certain gas when exploded with five volumtsa of 

oxygen yield exactly 4 volumes of CO.^ and 2 volumes of steam. 104 gms. of 
the gas occupy t^c same volume as 176.gro.s. of (>0, measured under the same 
conditions. What is the gas? Acetylene^ C,H,. 

26. A fuel contains 90 p.c. carbon and 10 p.c. incombustible matter. What 

,vol. of air at N.T.P. (containing 21% by vol.) will bo required to completely 
burn one kilogram of this fuel? Punjab '59. 0000 litres. 


27. A mixture of chlorine with an oxide of chlorine gave on explosion an 

expansion from 1(X) c.c. to 130 c.c. The exploded gas was found to contain 
70 c.c. of chlorine and 60 c.i-. of oxygen. What was the oxide, how much of 
it was there in the mixture’ CIO,; 60 c.c. 

28. Assuming air contains 21%, by volume of oxygen, what volume of air 
at 27® 0 and 750 mm. pressure will be required for the complete combustion 
of 60 gms. of a paraffin candle of 80% carbon and 20%, hydrogen? 

Calcutta *35. 831*2 litrea. 


/ 29. Calculate the percentage composition by volume of a mixture of CO 
^ind CH., 105*5 c.c. of which required 90*4 c.c. of oxygen for complete com 
bustion. ® Calcutta '49. CO 76:2%; C.H, 23-8%. 


5 c.c. off a mixture of methane and ethylene need 13*2 c.c. of oxygen. 
Find the volume of each present. 1*8 c.c. CH^; 3*2 c.c. C,!!,. 

31. The gaseous product evolved on heating a mixture of oxalic and formic 
acids with cone. HaSO^, ,is led into caustic potash solution when the volume is 
decreased by one-sixth. Calculate the mols ratio of the organic acids in the 
mixturei 1 : 4 

38ff 9*3 c.c. of a gaseous hydrocarbon need for complete combustion 46*5 c.c. 
of oxygen, and gave 27*9 c.c. of carbon dioxide. What is the gas? CiH,. 

33. A gaseous mixture of methane 40 c.c., carbon dioxide 25 c^c., hydrogen 
35 c.c. is at N.T.P. Calculate the volupae of oxygen n.i N.T.P. needed for its 
combustion. WHiat would be the volume and composition of the final product 
at 0*C and 76 cm.? If the oxygen be obtained from potassium chlorate, what 
weight of this substance will be needed to produce it? 

97*5 c.c. 0,; 66 c.c. CO,; 0*36 gm. 
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34. On partly ozonising 100 c.c. of oxygen a decrease of 10 c.c. in volume 
resulted* What volume of ozone had been produced? The resulting gas was 
treated with an excess of potassium iodide solution. Calculate (a) what volume 
of gas would remain, (b) what weight of iodine would be liberated, 

20 c.c. O3 ; (a) 90 c.c, ; (b) 0*2268 g, of I,. 


45 C.C. of a hydrocarbon were mixed with 280 c.c. of oxygon and 
jxploded in a cool eudiometer. The volume of tlio residual gas was 190 c.c. 
^Vhen caustic potash was added the volume decreased to 56 c.c. What is the 
hydrocarbon ? 


B 35^ hat volume of air containing 21 per cent eff oxygon would be required 
complete combustion of 16 litres of acetylene? 178*6 litres. 

37. A metallic carbide was decomposed by water, evolving methane and 
h^rogen only. 1,000 c.c. of the gas evolved weighed 0*405 g. ; 20 o.c. of the 
were exploded with 40 c.c. of oxygen. The residue on cooling occupied a 
volume of 25 c.c. ; and of this 10 c.c. were absorbed by caustic potash. The 
reinainder was absorbed by alkaline pyrogallate. W'hat was the composition of 
the gas? CH4 and Hj in equal volumes. 


38. A sample of water gas has the following composition 50% Hj, 48% CO, 

and 2% COj, by volume. 100 c.c. of water gas is mixed wdth 150 c.c. oxygen 
and the mixture sparked. Calculate the change in volume of gas mi.'it'ire oit 
cooling. 250 c.c. become 151 c.c. 

39. What volume of oxygen would be required for the complete combiis- 

in‘n <.f 250 c.c. of each of the following gast.s : (a) ethylene, (b) methane? 

(a) 750 f-c. ; (b) 500 c.c. 

'Ho. 5 c.c. of ethylene are mixed with 20 c.c. of oxygen and sparked. What 
is the coJiijiositioft by volume of the products of the reaction, all moasurements are 
iiinde above 100"C? 40% CO,; 40% steam; 20 p.c. 0^. 

41. A mixture of marsh gas end olefiant tCJlJ gas occupying 6*3 c.c. 

nquires for its complete combustion 15*4 c.c. 0^ and produces 9*1 c.c. CO,. Find 
the volume of each gas. CJI* 3*5 c.c.; CjH^ S*8 c.c. 

42. A sample of coal gas contains 40 35 CH^, 15 CO and 10 CjH*; 

KK) vols. of this gas were exploded with 600 vols. of air (containing 21 p.c. O,) 
m a eudiometer. Calculate the composition of the resulting mixture on cooling. 

Punjab ’49. Nj^86*58 p.c. ; 0, 0*64 p.c. ; CO, 12*78 p.c. 

43. 1 litre of a 3:2 mixture of water g:is (H, 50, GO 47, CO^ 3) and 

pK.ducer gas (N. 60, CO 35, CO* 5) 's mixed with excess steam and passed 
i-vor an iron oxide-catalyst. Find the nitrogen -hydrogen ratio in the resulting 
Leases. 1:3. 

44. N^20^ e.c. of a gaseous hydrocarbon were exploded with 66 c.c, of 0,. 

Ttcsidual gases after cooling occupied 56 c.c. On treatment with KOH the 
volume decreased to 16 c.c. The remaining gas was oxygen only. What is the 
gas? Rajputana ’63. C,H,. 


Volumetric analysis — Acidimetry and Alkalimetry 

Neutralisation. — In neutralisation reactions, acids and bases react 
with each other in equivalent amounts producing salt and water 
(p. 131). In the following illustration a measured volume, say 25 c.c. , 
of caustic soda solution is taken in a beaker— a drop of phenolphtlialein 
solution is added to the solution, which is turned ptnk (phenolphtlialein 
is fnnk in alkaline solution,* and colourless both in neutral and acid 
solutions). Dilute hydrochloric acid is run into the solution drop by 
drop from a burette. As each drop of acid mixes with the alkali, the 
hydrogen ion of the acid reacts with the hydroxyl ion of the alkali, 
forming water. With the gradual addition of the acid, the hydroxyl 
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ions, therefore, l>egin decreasing, until at a certain stage all the 
hydroxyl ions are Used up. The solu.tion is then said to the neutral 
and die process is , known as neutralisation. 'Fhe solution becomes just 
cqlour^less at the netUral point. I’hc volume of acid is then read from 
the burette ; let it be 20 c.c. 

25 c.c. of caustic sotla solution — 20 c.c. of HCl solution. 

Now. knowing the weight of oaustic .soda per c.c. of the solution, it is 
possible to calculate the weight of hydrochloric acid per c.c. of its solution 
from the relation : 

HCl(36-5) + NaOH(^O) -= NaCl + H,0. 

i.e., 36*5 gins, of hydrochloric acid are c<]nivrJent to 40 girs. of caustic soda in 
their power of neutralisation 

Titration. — It is a process of volumetric ally determining the un- 
known strength of a solution by reaction with a solution of known 
concentration (or what is called a standard solution) in presence ol 
an indicator. , In acidimetry the unknown strength of an acid solution 
is estimated by titration with a standard alkali solution. Alkalimetry 
is just the reverse process. 

’Let us take ari^exainple — 25 o.c. of a 5 per cent eaustie soda solution just 
neuiraliso 20 c.c. of a solution of hydrochloric acid. To find tin* strength of 
the acid : t 

25 0 . 0 . of 5% NaOH .solution contain 6/4 grns. of NaOH. 

4- HCl NaCl + H,0. 

40 36*5 

i.e., 40 gins, of NaOll neutralise 36*5 pins. c»f HCl 

6/4 gms, of NaOH ncntraliac (3b*5/40) x5/4 or 1*14 gins, of llCd. 

/, 20 c.c. of HCl solution contain 1*34 gnis. of HCl. 
or 100 c.c. of HCl solution contain 5*7 gms. of HCl. 

The strength of the acid is 5*7 per cent This is an example of acidimetry. 


Neutralisation indicator. — An indicator is a sLil)stancc (a weak 
organic acid or base) that has the property of changing colour when 
acid or base is added to it. Wlien added to a liquid, it indicates by 
change; of colour, jf>,tlic liquid is acidic, neutral or alkaline; it is 
invariably used to indicate the end point of neutralisation of acids and 
alkalis during their titration. A good indicator should show sharp 
contrast of colours in. solutions just acidic or alkaline. litmus, methyl 
orange, mctKyl red, phcnolphthalcin, etc., are the indicators usually 
used. IJtmifs is a dye obtained from certain lichens. 


Indicator 


Litmus 

Mothyl orange 
Methyl i-ed 
I’lfeQoIphthalein 
red 


Colour in acid 


• red 

pink or red 

red 

colourless 

blue 


(Colour in alkali 


blue 
yellow 
yellow 
pink or red 
red 
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of Indicators for neutialisation rcfictions depends on the strength 
of acids and bases (p. 131). HGl. H,SO„ HNO, are strong acids; oxalic arid 
and acetic acid are weak acids. NaOH and KOH are strong alkalis — NH^OH 
is a weak base, Na^COj is the salt of weak carbonic acid. 


! 

Titration of j 

Indicator 

(i) Strong acid — strong base 

• 

Any indicator 

(ii) Strong acid — wciik base 

Methyl orange** 

(iii) Weak acid — strong base . 

t Phenolphihalein** • 


A weak acid is not titrated with a weak base, as no sharp end point is 
obtained. 

* Methyl orange chiinges colour in fairly acid solution. *The ealt formed 
during neutralisation, e.g., NlI^Cl + H^O ^ NH,OH + HCl, is hydrolysed 
giving a slightly acidic solution at the equivalence point (p. 134). 

** Phcnolphihalein becomes pink in fairly alkaline solution, as the salt 
formed during neutralisation, e.g.. CH,COONa+HjO ^ CHjCOOH-f NaOH, 
i*! hydrolysed giving an alkaline solution at the end point. Methyl orange is the 
indicator in the titration of sodium carbonate with a strong acid, since the 
solution is acidic at the end point due to the displacement oi carbonic acid. 

. Na.COj 4- 2HCI = 2NaCl + H,0 + CO, 


But I'ihrnolphthalein becomes colourless (i c., pink colour of Na,CO, solution 
disappears) when only half of NajCO, is •neutralised — at this st^ge No^COj, is 
converted into NaHCO, which is not alkaline to phcnolphthalcin. 

Na 3 C 03 + HCl ... NaHCO, + NaCl. 

J J l—A* 


T AX' 1 — Juaxxvyv/j “T Aiuvi. I * K • 

. _ 

v^iandard solution. — A staiuTard solution of a substance contains Ui 


a known weight of it in a definite volume of the solution. Hence 
a standard solution is a solution of known strength, i.e., known con- 
centration. The standard solution usually employed in titrations is 
the normal solution. 


X^Normal solutions. — A vornml soluiion of a substance contains one 
gram-equivalent of it per litre of the solution. 

VE^mvalent weights. — The c(|uivalcnt weight of an element has 
already been considered (p. 90). equivalent weight of a com- 

|X)nncl is that weight of it which contains one gram equivalent weight 
of the component taking part in a reaction.'^ With acids, the chief 
component is the ' replaceable hydroge n : with ^bascs, it is 'the hydrox yl 
group, and with salts, it is generally the cation ?' » *-~- 

V.(ifTrhe gram equivalent of an acid is that ^weight of it which 
contains 1008 grams of replaceable hydrogen i.c., which contains 
1 atom of replaceable hydrogen. 

A normal solution is written as N solution, o.g., (N)HCl solution. Strengths 
of other eolutions are expressed in terms of N solution; thus, solution.^ cons- 
taining 1/2, 1/lOth, 1/lOOth, twice or thrice the equivalent of a substance per 
litre are written as N/2 (semi-normal), N/10 (deci-normal), N/lOO (cenli-normal), 
2N (twice normal) or 3N (thrice normal) respectively. . 

The number of replaceable hydrogen atoms ifi the molecule of 
an acid is its basicity (p. 182). ^ 
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Gram-equiyalent of an acid = its gram-molecular wriglit4- 
baricity. 


Acid 


Mol. wt. 


l^asicity I Gram -equivalent 


Hydrochloric, HCl 
Nitric, HNO 3 
Sulphuric, H 3 SO, 

Oxalic acid, CaH.0^.2H,0 
Phosphoric, HjPO^ 


36*46 

63 

96 

126 

98 


1 

1 

2 

2 

3 


36*46 

63*0 

49 

63 

32*67 


Since 36*46 gms. of HCl ~ 22*4 litres of HOI gas at N.T.P., 22*4 litres ot 
HCl at N.T.P. is also the equivalent of HCl. 

SJ^krf^rke gram-equivalent of a base is that weight of it which ca*n 
neutralise one gram-equivalent of an acid, i.e., which reacts with 
I'OOS gms of replaceable hydrogen of an acid. 

One hydroxyl group reacts with one replaceable hydrogen atom, 
and hence the equivalent ot a hydroxide = its molecular weight divided 
? by the number of hydroxyl groups contained in its molecule. 

NaOH + HCl ^ NaCl + Hp ; Ca(OH )3 + 2HC1 = CaCL + 2l:ljO, 

One oxygen atom reacts with two hydrogen atoms, and hence the equivalent 
of a basic oxide = its molecular weight divided bv twice, the number of oxygen 
atoms contained in its molecule. 

MgO -f 2HC1 MgCh + H,0; A1,0., + 6 HCI ^ 2A1C’1, + 3H,0 

The number of ^rani-cquivalcnts of an acid which neutralises 
^rfme gram-molecular weight of a base is the acidity (p. 132) of the base. 

/. \j6l^m-equivalent of a base «= its gram-molecular weight acidity. 


Base 


Caustic soda, NaOH 
Caustic potash, KOH 
Calcium hydroxide, Ca(0H)a 
Ammonia, NH^ 

Ferric oxide, Fe^O, 

Ferric hydroxide, Fe(OH),, 


Mol. wt. j 

Acidity | 

1 Grain-equivalent 

40 i 

1 1 

40 ' 

56 1 

1 

56 

74 

2 

37 

17 1 

1 

17 

160 j 

6 

26*67 

^ 107 1 

3 

1 

! 36*67 

i 

NH 3 at'N.T 

.P. = equivalent of NH,. 


V^) The gtain-e<iuivalent of a aomial salt is tliat weight of it 
which contains one gram-equivalent of a metal (which is equivalent to 
1‘008 grams of hydrogen). Since the gram-equivalent of a metal is the 
atomic weight divided by the valency, the equivalent of salt = its 
molecular weight divided by the total valency of the metal atoms 
rontained in a molecule, i.e.. 

Gram-equivalent of a salt gram molecular weiglu 

^ » V . \ ^ number of metal atoms x its valency 
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Salt 

Mol. wt. 

Total valency of metal 

Eq. wt. 

Sodium carbonate, Na^CO, 

106 

2 

53 

Calcium carbonate, CaCO, 

100 

2 

50 

Ferric chloride, FeCl3,6HaO 

270*5 

3 

•90*17 

Silver nitrate, AgNOj 

170 

1 

170 

Silver chloride, AgCl 

143*34 

1 

143*34 

Copper sulphate, CuSO^, 611,0 

249*5 

2 

124*75 


In the case of salts which react with acids, such as carbonate, equivalents 
ynay also be determined with reference to the acids. The equivalent of the salt = 
its molecular weifjht divided by the number of equivalents of an acid with which 
one molecule of the salt reacts : thus, 

Na^CO, + 2HCJ = 2NaCl + H,0 + CO^ 

Ono molecule of Na^COa reacts with 2 equivalents of HCl, and hence the 
equivalent of Na^COj = its mol. wt. -e 2 — 106 2 ~ 53. 

The equivalent weight of sodium bicarbonate, NallCO.,, is its molecular 
AYcight which is 84, since it reacts with one equivalent of an acid : 


NaHCO, + HCl = NaOl + 11,0 + CO, 

The equivalent of a compound, in general, is that weight of it which reacts 
with one equivalent of an element or compound whose equivalent is known ; 
ihus in 2NaOH 4- CO, = Na^CO, + H,0. 

2 equivalents of* NaOH react with one molecule of CO,. 

/. 1 equivalent of NaOH reacts with i molecule of CO,. 

/. the equivalent of CO, = mol. wt./2 = 44/2 = 22. „ 


It must be clearly understood that the equivalent weight of a substance will ' 
depend u^on the particular reaction in which it takes part. 

molar solution of a substance contains one gram-molecular 
(or one mole) of it per litre of the solution^ thus a molar 
solution of H 2 SO 4 contains 98 gms. of it per litre, but its normal 
solution contains only 49 gms. per litre. 

V^ilfi^rtant principles in volumetric analysis.— {if Normality of a 
solution is equal to the number of gram equivalents of a solute per 
litre, c.g., the normality of 0’4N NaOH solution is 0*4. 

weight of solnte in grams per li tre 
^m equivalent 

Weight of solute in gram per litre == normality x gram 


(a) Normality = 
. (b) 


equivalent. 


Thus, the weight of NaOH per litre of a 1 * 6 N , caustic soda 
solution = 1*5 X 40 = 60 gms. 

Strength of a solution is usually expressed in* terms of ,norinaltty 
or weight in grams p^r litre, and sometimes in percent strength^ e.g., 
a 2 p.c. NaOH solution means 2 gms. of ^ NaOH per 100 c.c., or 
10 x 2 gms., i.e. 10 x: per cent strength per litre, and hence: 


(c) 


Nomiality = 


10 X per c«it st r^gth 
pam equivalent 


Thus the normality of a 8 p.c. NaOH solution 


10x8/40 «2N. 
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(ii) Volwne of a gjhen solution is inversely proportional to its 
strength, i.c., if the volume he increase^l the strength must be pro- 
portionately decreased, and vice versa. 

Let the equivalent weight of a solute be p gms. 

lUOO c.c. of N solution of the solute contains p gms. of it. 

or 1 C.C. of the N solution of the solute contain 0‘00 p gm. 

or xjy c.c. of the N solution of the solute contains 0 00 py,ky gms. 
Also, 1 c.c. of y (N) solution of ilic solu.te contains 0*00 py gms. 

X c.c. of y (N) solution of the solute contains 0*00 pxxy gms. 

X c.c. of y (N) solution = xy c.c. of (N) solution = 0-00 pxxy 
gm. of solute. 


.c., of a y (N) solution = xy c.c* of a (N) solution. 


Q/ig e q uivalent of any ^ acid can neutralise oj ne equivalent o f 
^ ^ ^ [j^somtions of ^ci Ss anil bases of th e same ^lrengih 


any base, ^sltmce, 

must neut ralise volum es^ 

Let X c.c. of a y (N) acid solution 
base solution. - 


neutralise p c.c. of a q (N) 


Now, X c.c. y (N) acid solution = xy c.c. of (N) acid soluiion 
p c.c. of q (^) base solution = pq c.c. of (N) base so'iuiion. 

Since solutions of the same strength react in equal ’.olumcs 
xy c.c. must be equal to pq c.c. 

i.e., volume pf an acid x its strength — vol. of a base x its strength. 


For two soliitioTia which are equivalent : 

volume X strength (solution I) = volume X strength (soluiion II), 


(iv) Reduction of strength by dilution. — When a solution is 
stronger than the desired strength, it may be reduced to required 
strength by proper dilution. 

llcduce to N/10 two hundred fifty (250) c.c. of 1*048 N/10 NaOH solution. 
250 c.c. of r048 N/10 solution = 250xl'048 c.c, of N/10 solution. 

- 262 c.c. of N/10 solution. 

to reduce the strength to exactly N/10 (262—260) or 12 c.c. of water are 
to be added to 250 c.c. of the solution. 


Preparation of standard solution. — (i) To prepare 250 c.c. of N/10 
sodiiim eftbOnate Eolutieii.-^Thc gram equivalent ^ofNa^CX^g is 53 gms., 
hence the requirement for 1 litre of N/10 Solution = 5*3 gms., and 
that for 250 c.e. of N/10 solution = 5*3 4 = 1*325 gms. 

Some pure and dry sodium carbonate is taken in a weighing 
lx)ttte ; and about 1^25^ gms. of it are accurately weighed out into a 
measuring bask of 250 c.c. capacity with the help of a chemical 
balance, and dissolved with distilled water — the volume' of the solu- 
tion is then made up to just 250 c.c. by gradual addition of water. 
The contents of the flask is well shaken to get a uniform solution. 

Ijct the amount of sodium carbonate actually weighed ==’1*2868 gmsV ^ 

^ }iow4.V325 gins, per 250 c.c. of solution make just N/10 solution. 

«. ». 1. l‘ . I * ^ , .r. j 

... 
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^1^66ff“gms. per 250 c.c. mako (1*3668/ 1-326) N/10. i.e., 1*024 N/10 solu. 

1*024 is called the factot of the solution. ^ ^ - ‘ ‘ ' ' ' 

Now, 260 c.c. of 1*024 N/10 Na,C 03 solution == 260 xl’024 or 256 c.c. N/10 
Na^COj solution. ‘ • 


lienee (256 — 250) or 6 c.c. of water are to be added to the solution to 
make it exactly N/lO. ^ 

Factor* — Factor of a solution — weigiit actually dissolved -f- the theoretical 
weiyh^^ required to be dissolved to prepare a holution of given strength. 

In the above example, 1*024 is the factor of the N/10 Na^CO solution^-* 
and hence the strength of the solution -- 1*024 N/10. 

Tho strength of a given solution is usually <'xpresscd with a factor. ^ 

(i) To prepare approximately N/lO solution of sulphuric Acid. — 

The equivalent of sulphuric acid is 49 gm^. and hcncc 1 litre of the 
N/lU solution will contain 4^0 guis. of the acid. But sulphuric acid 
is not weighed, since is it highly hygroscopic and is also not cent per 
cent pure. From the specific gravity and the purity of a sample of 
acid, the volume of it that will contain 4*9 gms. of real and pure 
.sulphuric acid is calculated. 


hot the specific gravity of a sample of sulphuric acid bo 1*84 and its purity 
95*6 per cent. 

95*6 gms. of . ^Mifo II^SO^ are present in ICO gms. of the ^sample of the acid. 

.*. 4*9 gms^ „ „ ,, (lC0x4‘9)/95’6 gm* of (ho acid. 

Now, in, ass = volume X density ; and hence Uie \olume of the sample of arid 
reqiiii'od -- wcsighl of the acid divided by its density =- (100 X 4*9/95*6) 1*84 

1^*8 c.c. nearly. Hence, about 2*8 c.c. 1)1 the sample of the affid i.s measured 
out by a pipette into a litre-measuring flask and diluted with water up to ‘ 
1000 c.c. This is approximately N /lO sulphuric acid solution. Similarly, 
approximately standard solutions of HCl and HNO, can be prepared. 

i 

To prepare 1 litre of approximately (N) acid solution. 


Let e = equivalent weight of acid. 

p = purity, i.c., per cent strength by weight, 
i — sp. gr, of a sample of acid. 

V — volume of the acid to be diluted to 1 litre. 

'nieii, V =: 100 efps. 

Some typical volumetric analysis.^!) To find the strength of an 
acid solution i.e.'. standiu'disation of an acid sblulUiiAi.— The krength 
of' hn acid solution is determined by titration ' againSt a standard 
solution of sorlium carbonate which is directly prepared, since the 
sodium carbonate can be obtained very pure (p. ,405) and accuritcly 
■welghe'l easily. N/10 solutions are usually used in volvtmettic analysis. 

! ■ n t 1 . . *■ ' 

A burette (fig. 195) is filled with the approximately N/IJ sulphuric acid 
solution up io the zero mark. ^5 c.c. of ^IIO sodijun^ cai^bonate solution is 
taken in a basin by means of a |)ipette and diluted to about 50 c.c. with water-— a 
drop of methyl mange solution (indicator) being added to the solution, which 
turns the eolation ^ow, Tho acid eolation is gradually added drop by drop 
from the burette to the sodium carbonate eojution until pink gplet/r, is just 
obtained— tho solution being carefnlly gtirxed -with a glase VoA Ip® tityatioj^ 
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The volume of the acid used up is read ftom the burette. Three titrations aro* 
usually done and the mean of three readings taken. Suppose 
^ c.c. 1*024 N/10 Na^CO., solution ~ M c.c. acid solution. 

Let X = the strength of the acid solution. 

25x1*024 (N/10), whence a; = 1*067 (N/10). 

(ii) To prepare approxi- 
mate N/10 caustic soda 
solution and determine its 
strength. Since caustic soda 
is hygroscopic, its standard 
solution cannot be prepared 
by weighing only. Equiva- 
lent weight of caustic soda 
is 40 gms. ; and hence a 
decUnornial solution will 
contain 4 gms. of caustic 
soda per litre. 

Approximately N/10 solu- 
tion is prepared by dissolv- 
ing about 4 gms. of caustic- 
soda (usually a slight excess 
is used, since caustic soda is 
not generally of cent per 
cent purity), obtained by 
weighing in a rough balance, 
in a litre of water. Tlic 
solution is then tiiratcd 
kigainst a standard acid solu- 
tion and its strength determined. 



25 c.c. of the alkali solution is taken in a basin by means of a pipette and 
diluted to about 100^ c.c. — drop of 'phenol'phthalein is aclded to the solution ; 
the solution turms jdnh. Standard acid solution is run dropwise from a buret 
stirring the solution all the time till the solution is just colourltss. Suppose : 

25 c.c. NaOH solution = 20 c.c. 1*067 (N/10) acid solution. 

/. strength of NaOlI solution = (20 X 1*067/25). N/10 = 0-8636 (N/10). 


(iii) To determine the amount of total alkali in soda ash (calcu- 
lated as Na^O). — About 1*5 gm. of the sample of soda ash is weighed 
out accurately and dissolved in distilled water in a measuring flask 
of 250 c.c. capacity, and the volume of the solution is made up to 
the mark — the contents of the flask is well shaken to get a uniform 
solution. 25 c.c. of the solution is taken and titrated with a standard 
(strength 1*067 N/10) sulphuric acid solution using methyl orange as 
an indicator. ^ 


Let the weight of soda aah taken = 1*5130 gm. 

. volume of the soda ash solution == 250 c.c. 

Suppose 25 c.c. of soda ash soln. « 20 c.c. of 1*067 N/10 acid soln. 

=» 20x0*1067 C.C. of N acid soln. 
s 2*134 c.c, of N soda ash soln. 

Now, 1 c.c. of (K) Na,OOs solution contains 0*053 gm. of sodium carbonate. 
m weight of Na,0 : weight of Na,00, » 62 : 106. 
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wt. of Na,0 in 1 c.c. of (N)Xa,CO, - (0*055 x 62)/ 106 = 0’031 gm. 

25 c.c. of soda ash soln. ==: 2’ 134x0*031 or 0*065 gm. of NajO. 

250 c.c. of soda ash soln = 0*66 gm. of Na^O. 

.*.% of Na^O in the sample of soda ash .= (0*66x100)/ 1*613 or 43*61%. 

(iv) To determine the percentage o£ pure H.^SO^ in a sample of 
brown oU of vitriol. • • 

About 20 to 25 drops of the brown oil of vitriol (commercial sul- 
phuric acid) arc taken by means of a pipette into a clean weij^hin;^ 
Ijottlc which has been wei^^hed previously. ^The bottle is weighed 
again. The acid is transferred completely into a 250 c.c*. measuring 
flask by repeatedly washing the bottle with water. The volume of the 
solution is made up to the mark, and the flask is shaken to get a 
uniform solution. 

Tlic strength of the acid solution is then determined against a 
standard solution of sodium carbonate, vide supra. 

Let the weight of the acid = 1*6497 gm. 

Volume of acid solution — 250 c.c. 

Let the ai.rcngth of sodium carbonate = 1*024 (N/10). 

Suppose 25 c.c. of NfijCO., solution — 20*5 c.c. of ihe acid .solution. 

20*5 c.c. of the acid solution =■ 25 c.c. of 1*024 (N/10) NUaCO, solution. 

(25 x 0*1024) c.c. of (N) Na,CO, solution. 

•= 2*56 c.c, of (N ) acid ifohition. 

But 1 c.c. (N) HjSO^ solution = 0*049 gm. of IIjSO^. 

.*.^4E0^c.c. of the acid solution =r 2*56x0*049 gm. of II .SO^. 

.*. 250 c.c. of the acid (2*56 x 0*049 x 250)/ 20*5 or 1*4'05 gm. of H,SO,. 

This amount of ir..SO, is contained in J.*6497 gin. of oil of vitiiol taken. 

% of H^SO, in the sample - (1*495x100)/ 1*6497 - 90*65. 

Exercises 


1. What weight of .sodium carbonate is required lo neutralise 50 c.c. of 
normal HaSO^? Colcuttd *13. 

50 c.c. of N.HjSOj will be neutralised by 50 c.c. of N.Na^CO, solution. 

Now, 1000 c.c. of (N) NaaCOji solution contain 63 gm. of NaaCO,. 

.*. 50 c.c. ,, „ „ ,, 2*65 grn. of NagCOa. 

^2. 25 c.c. of N/10 hydrochloric acid neutralised 21 c.c. of solution of sodium 
cj>Tl)onate. How much water must be added to 1 litre of the latter in order to 
^mako it exactly decinormal? 

21 c.c. of Na^COj solution = 25 c.c. of N/10 HCl solution. 

strength of NajCOj solution = (25/21) N/10 — T1905 (N/10). 

’*. 1000 c.c. of 1*1906 (N/10) Na^GO, l&olution = 1000xl*:i905 or 11S0*5 c.c. 

of (N/10) NdjCOj solution. ^ 

.*, (1190*5—1000) or 190*5 c.c. of water are to be added to 1000 c.c. of the 
solution. • 


/3. 20 c.c. of a N/10 solution of HNO, is neutralised, by 22*5 c.c. of NagCO, 
s(»Iution. Calculate the strength of tho carbonate solution in terms of normality 
tho weight of the carbonate per litre of tho solution. Calcutta *16. 

22*5 c.c. of NajjCOa solution = 20 c.c, of 0*1 (N) HNOj solution. 

.• strength of Ne,CO. solution = of^aoW 

• * ® ^ * volume of Na,CO, solution 

= (20xO*1N)/22*5 = 0*089 N 

Now, 1000 c.c. (N) NajCOj solution contain 63 gm. of NajCO.,. 

/. 1000 c.c. of 0*089 (N) Na,COj contain 0*089x53 or 4*72 gm. Na,CO,. 


34 
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4. To 50 c.c. of solution of HCl 25 c.c. of 0*82 N.NaOH solution were 
^ded. The excess of acid in the solution required 30 c.c. of 0*09 N.NaaCO;, 
/Solution for neutralisation. B-equired the normality of the acid solution, and 
the number of grams of HCl per litre of the solution. Calcutta ’21. 


25 c.c.^of 0-82* (N) NaOH solution = 25x0*82 or 20*5 c.c. of (N) NaOH 
solution. 

io c.c. of (H)9 (N) Na^CO, solution 30x0*09 or 2*7 c.c. of (N) NaXO, 
solution. 


Hence the mixture of alkalis = (20*5 + 2*7) or 23*2 c.c. of (N) solution. 

Let the strength of Hpl solution be x, and since 
Volume of acid x its strength = vol. of alkali X its strength 
.*. 50xx = 23*2 N .*. X = 0*464 N 
Now, (N) HCl solution contains 36*5 gm. of HCl per litre. 

.*, 0*464 (N) HCl solution contains 36*5 x 0*464 or 16*95 gms. of HCl 
per litre. 


y 5. 2*95 gm. of a dibasic acid was dissolved in water and j/he solution diluted 
^250 c.c. : 25 c.c. of this solution was neutralised by 25 c.c. of N/5 Na^CO^ 
Solution. Calcuhito the eq. v. t. and mol. wt. of the acid. 


25. c.c. of diluted acid =25 c.c. N/5 Na,CO, solution. 

250 c.c. of diluted acid = 60 c.c. N Na^CO j .solution = 50 c.c. of N acid. 
,*, 50 c.c. N acid contain 2*95 gm. of acid, 
or 1000 c.c. N acid contain 69 gm. of acid. 

eq. wt. of the acid = 5^ gm. and mol. wt. = 59x2 = 118 gm. 

A k sperimon of limestone contains 60% CaGO,. Calculate the amount of 
A/couq which will be required to generate just sufficient GOj to convert 1 litre 
/of N.NaOH solution into sodium carbonate. Calcutta ’31. 


1 litre of N.NaOH solution contains 40 gms. of NaOH. 
2NaOn -f CO, = Na^CO, + H..0 
QO 44 ‘ 


i.e., 30 grrns. of NaOH react with 44 gms. of CO^ 

>> 22 

Now, CaCO, ^ CaO + CO., 

100 44 


i.e., 44 grms. of CO, are obtained from 100 grms. of CaCO,. 

22 gms. „ „ „ „ 50 gms. „ „ 

But limestone contains only 60<% CaCO, ; hence 50 gms. of CaCO, are present 
in (100 x 50)/60 or 83*3 gms. of limestone. lirne.stono required = &*3 gins. 

7. 100 gms. of hydrocliloric acid solution of sp. gr. 1*17 contain 33*4 gm. 
HCl. How many litres of acid solution of tliis strength would bo required to 
neutralise 5 litres of a solution of caustic soda containing 0*042 gm. of NaOH 
per c.c. ? 

1 c.c. of NaOH solution contains 0*042 gm. NaOH. 

/. 6 litres „ „ •„ 0*042x5000 or 210 gm. NaOH. 

Now, NaOH + HCl = NaCl + HX 
4o 36*5 


i.e., 40 gnis. NaOH neutralise 36*5 gms. of HCl. 

.*, 210 gms. ,, 191*625 grn. of HGl 

But only 33*4 gm. of HCl are present in 100 gm. of HCl solution. 

.*, 191*625 gm. HCl ,, ,, ,, 573*7 gm. HCl solution. 

Now, ainco mass = volume X density, the volume of HCl solution required 
= 573*7 1*17 = 490 c.c. or 0*49 litre. 

8. A weighed amount of ammonium chloride was boiled with an excess of 
strong caustic soda solution and the liberated gas was absorbed by 100 c.c. of 
a solution containing 4*9 gm. of H^SO^; part of the acid was thus neutralised, 
Bn4 acid could be neutralised by 50 c.c. of sodium carbonate solutiem 
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containing 2*66 gm. of NajCOj. Calculat <5 the amount of ammonium chloride 
orig:inally taken. 

Normality of a solution = wt. of the solute per litre /tlie eq. wt. 
strength of the 11^80^ solution = 4*9x10/49 — IN. 

Strength of the NajCOj, solution = 2*65 x 20/53 = IN. 

50 c.c. N.NajCOa solution a 50 c.c. N.HaSO^ solution. 

.*, (100 -50} or 50 c.c. N.acid were used in absorbing NH,. 

Now, 50 c.c. N.acid solution — 50 c.c. N.NH, solution. 

= 50 c.c. N.NHjCl solution. 

NH,C1 + NaOH -•= NaCl + H,0 -V NH,. 

The eq. wt. of NH^Cl — its mol. wt. -- 53*5 gm. 

wt. of NlI^Cl originally taken “ 60 x 0*0535 gm. -- 2*675 gm. 

9. 1*08 g. of NHjCl was boiled with 62 c.c. of (N/2) NaOII till free from 
ammonia. 44 c.c. of N/4 llCl were required for neutralising the excess of alkali 
in the mixture. Calculate percentage of ammonia in the salt. Calcutta 1936. 

62 c.c. (N/2) NaOH solution -= 31 e.c. (N) NaOII .solution. 

Excess alkali =44 c.o. (N/4) II Cl = 11 c.c. (N) IWl 

= 11 c.c. (N) NaOII solution. 

(31 — 11) or 20 c.c. (N) NaOH were used to displace NH,. 

20 c.c. (N) NaOH = 20 c.c. (N) NH, = 20x0*017 gm. NH,. 

p.c. of NHj in NH,C1 = ^OxOOiTxlW ^ 

* * 1-08 

10. One gram of impure sodium carbonalc is dissolved in water and the 
solution is made up to 250 c.c. To 50 c.c. of this solution 30*4 c.c. of 0*15 (N) 
HCl is added atid the mixture requires for neutralisation 10 c.c. of 0*12 (N) 
NaGTi solution. Determine the strength of impure NaaCO^ solution in terms 
of normality and also tho % of pure sodiugi carbonate in the imp^iro sample, 

Calcutta '25. 

30*4 c.c. of 0*15 (N)HCl solution = 30*4x0*15 or 4*56 c.c. of (N)HCl. 

10 c.c. of 0*12 (N) NaOII solution = 1*2 c.c. of (N) NaOH solution. 

= T2 c.c. of (N) llCl solution. 

Hence (4*56—1*2) or 3*36 c.c. of (N) IlCi solution neutralise 50 c.c. of the 
sodium carbonate solution. 

liCt X be the strength of the Na^CO, solution, then 
50a: 3*36N whence x = 0*0672N. 

1 c.c. of (N) Na-tCOj solution contains 0*055 gm. Na.CO,. 

/. 1 cjc. of 0-0672N „ „ 0*053x0*0672 gm. NaXO,. 

250 c.c. of 0*0672N solution contains 0*053x0*0672 x 250 or 0*8904 gm. Na^COa. 

250 c.c. of the carbonate solution contains 1 gm. impure N.'uCOv 

Hence, 1 grn. impure Na^COa contains 0'8904 gm. pure Na.CD,. 

100 „ „ „ „ 89*04 gm. 

.*. % of Na^COj in the impure sample = 89 04. 

11. 584 c.c. of gaseous hydrochloric acid measured at N.T.P. wore passed 
into a solution of KOH. After the reaction the solution still req^ained alkaline. 
To this was added 58 c.c. of 1*2 N H^SO^ when the solution was completely 
neutralised. Calculate the total quantity of alkali in tho, solution. Calcutta *40. 

22400 c.c. of HCl pa« at N.T.P. = 1000 c.c. of (N) HCl solution. 

• • 684 c.o. ,, ,, »• 26 c.c. ,, ,, 

Hence, the KOII soln. c.c. of (N) HCl+58 c.c. of T2 (N) H SO 
= 26 c.c. of (N) HCl-}-69*6 c.c. of (N) 

= (2€r-f-69*6) or 96*6 c.c. of (N) acid solution. 

= 96*6 c.c. of (W) KOH solution. 

Now, 1 c.c. of (N) KOH solution contains 0*056 gm. KOH. 

/. 05‘6 c.c. „ „ ,. 95*6x0*066 or 5*3536 gm. KOH. 

/. total alkali in the solution = 5*3536 gm. 
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A 12 . 2 gms. of a niixturo of cnrbonaic, bioai’bonatc and chlorido of fiodium 
on genlle lieating till no further evolution of gas occurred, 62 c.c. of 
OO 3 at 26°C j^”d 752 m.in. pressure. 1*6 gin. of the same mixture required 
26 c.c. of (isTl-ICl for complete neutralisation. Calculate the percentage of 
carbonate, bicjn-bonalc and chloride in the mixture. Calcutta '43. 

Lci^ the volume of CO, be c.c. at N.T.P. ■ 

.*. (»?x760/273 = (62 x 752)/299. r = 56 c.c. 

2xVaHCO, Na.COj + ILO + ( O, 

168 ‘ 224C0 c.c. at N.T.P. 

i.e., 22400 c.c. CO^ evoWed on healing 168 gms. NaHCO, 

56 c.c. ,, ,, 0-42 gm. „ 

1*6 gm. of the mixture — 26 c.c. (N) IICl solution. 

2 gin. ,, ,, --- 32*5 c.c. (N) flC'l solution. 

liCl neulraliscs holli N:i„CO., and NalTCO, present in the mixture. 

NairC 03 4 - HCl NaCl -t- II^^O +'CO,. 

84 36-5 

84 gins. NallCO, 36*5 gms. HCl, i. 6 ., 1000 c.c. (N) HCl solution. 

0*42 gin. NallCO, --- 5 c.c. of (N) HCl solution. 

the amoiini of Na^CO, in tlic mixture — (32‘5 — 5) or 27*5 c.c. (N) HCl. 

--- 27*5 c.c. (X) Nri..('IO, sulution. 

27*5 x 0*055 or 1*457 gm. of Na,CO,. 

/. the amount of NaCl in the mixluic = (2 -0*42 -1*457) =* 0*123 gm. 

Hence, in the mixture carbonate = (1*457x100) 2 = 72*85% ; 

bicarbonate = (C‘42xl00) 2 ~ 21*0% ; chloride = (0*123x100) -j- 2 = 6*15%. 

13. 5 grams of sulphur were completely burnt in pure oxygen, (’’alculalo 

the volume of the jiroduct measured at 25®0 and 756 m.m. Tin's amount of the 
gaseous product was led into 75 c.c. of a solution of caustic soda, which then 
required anotho.r 75 c.c. of the same solutum to show a neutral reaction. Cal- 
culate the strength of caustic soda solution in terms of normality and also find 
the total quantity of solid present in the neutral solution. Calcutta *45, 

S+0, = SO, 

52 22*4 litres at N.T.P. 

.*. SO, produced = (22*4x6)/ 32 — 5*5 litres at N.T.P. 

Let the volume at 25 ®C and 756 m.m. be v litres. 

(vx756)/298 = (3*5x760) / 273, whence v — 3*84 litres. 

S()„ + 2NaOH - Na.SO, + H..0 
22*4f 2x40 ' 126 

/. 22*4; of SO, at N.T.P. = 80 gm. XaOH 20C0 o.c. (N) NaOH soln, 

.*. 3*5 litres of SO, at N.T.P. = 512*5 c.c. (N) NaOH solution. 

* (75+75) or 150 c.c. of the alkali solution ~ 312*5 c.c. (N) NaOH sulution, 

/. the strength of th© alkali solution = (312*5/150) N = 2'08N 

Total solid in the solution — (126x3'5)/22*4 = 19*68 gms. of Na^SO,. 

14. 1*5 gms. of a mixture of sodium carbonate and bicarbonate were dis- 
solved in 250 c.c. of water. 25 c.c. of tho solution required 27 c c. of (N/10) 
HCl for neutralisation. Find the composition of the mixture. 

Let the amount of sodium bicarbonate be x gms. 

1000 c.c. of the solution contain 4x gms. NaHCO., and 4 (1*5— x) grams 

Na,C 6 a. 

the normality of NaTlCO, in the solution = 4y '^4, iho equivalent of 
NaHCOj being 84; the nonnality of Na^CO, in tho .solut "" '0/53. 
normality of tho mixture = 4x/84+4(l*5— x)/53. 

Now, 25 c.c. of the mixture =27 c.c. of N/10 HCl solution. 

• nonnalitv of the mixture = (2*7/25)N. 

Hence 4x/84+4(l*5-x) / 53 = 2*7/25, whence x =0*187. 

/. amount of NaHCO, = 0*187 gm. and that of Na^COa = 1*313 gm, 
Alternatively : 
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25 c.c. of the mixture = 27 c.c. N/IO HCl solution. ^ 

250 c.c. of the mixture = 27 c.c. NHCl solution. 

Let the NaHCO, bo x gm. the NujCOa = (1*5— z) gm. 

NaHCO, + HCl = NaCl + H,0 + CO,. 

84 gm. 36'5 grn. or lOOO c.c. NHCl solution, 
z om. of NaH(':0, = !G00 .t/84 c.o. NHCl solution. 

Na,CO, 4- 2nCl 2NaCl + H,0 + CO,. 

106 gm. 2x36*5 or 2000 c.c. NHCl solution. 

(I’S-z) gm. of NfuCO. =.1000 (1*5- .r)/ 5.^) c.c.. NHCl solution, 
total mid required = 1000^/844-3000 (l‘6-x)/55. 
lOOOz/84+1000 (l*5-z)/53 - 27; whence z ~ 0*187, etc. 

15. 0*02 grn. of a metal after solution in water produced an alkali which 

was neutraliserl by 10 c.c. of N/10 HCl soliilion. Cm the cq, wt. of the metal, 

10 c.c. N/10 HCl solution —0*02 cm. of incl.nl. 

i.e., 1 C.c. NH(d solution =-; 0*02 gm. of metnl. 

.*, 1000 c.c. NHCl ,, . 2D gm. of meLil. 

• equivalent weight of the metal = 20. 

^^36. 0*1232 gm. of a nielul was dissolved in 50 c.c. N/2 HCl and the 
.miition diluted to 100 c.c. ; 20 c.c. of this solution was neutralised by 30 c.c. 
'^/lO caustic soda. Calculate the eq. wl. of the metal. 

20 e.c. diluted acid — 30 c.c. N/10 caustic soda. 

100 < .c. diluted acid = 15 e.c. N caustic soda. 

= 15 c.c. NH(jl which was left unused. 

Vol. of acid taken = 50 c.c. N/2 HCl. -25 c.f*. NHCl. 

Vol. of icid reacting with the metal = (25—15) or 10 c.c. NHCl. 

i.e., 10 c.c. NHCl react with 0*1232 gm. of metal. 

.*, 1000 c.c. ,, ., ,, 12*32 gni. of metal. 

eq. wt. of metal = 12*32. * * 

llxtrvAses L6 and 76* illustrate meth-ods of finding iq, wts, of vietnls by 
titration. 

17. Determination of mixed alkalis. — To 20 c.c. of a mixture of NaOH 
and Na,CO, arc added a few drops of phcnolphlhalein and then, on audition of 
30 c.c. of N/IO MCI the pink colour just disappears. The same mixture is 
again titrated with the same acid after addition of methyl orange. 10 c.c. of 
the acid turns it ])ink. Calculate the amounts of NaOH and Na^CO, per litre 
of the solution. 

Ill the Ist titration phcnolphlhalein indicates the end point when all the 
NaOH and half of Na^CO, only .are neutralised — at this slage Na^CO, lieing 
converlcd into NiiHCO, which is not alkaline to phcnolphthaloin. 

Na^CO,4-HCl = NalIC 03 4-NaCI. 

In tlie 2nd til ration methyl orange changes colour when all the NaHC0» 
(wliich is equal to half the sodium carbonate) is neutralised. 

NallCO^+PlCl = NaCl+H^O+CO,. 

Hence volume of acid added in 1st titration = 30 c.c. of (N/10) HCl. 

=- all the NaOH + half the Na^CO^ of the mixture. • 

Volume of arid added in 2nd titration = 10 c.c. of (N/10) IICl. 

= half the Na^CO, in the mixture. * 

the amount of NaOH in 20 cc. of the mixture. 

= V.;.; ' J C.C. of (N/IO) HCl. 

= 2 c.c. of (N) NaOH solution = 2x0*04 or 0*08 gm. of NaOH. 

The amount of NajCOj in ^ c.c. of the mixture. 

= twice the acid added in 2nd titration. 

-2x10 C.C. of N/10 HCl = 2 c.c. of (N) Na,CO, solution. 

= 2x0*053 or 0*106 gm. of NajCOj. 

/. the amount of NaaCO, per litre = 0*106x50 = 5*3 gm. 



534 


intermediate chemistry 


18. To find the temporary hardness of water. — 100 c.c. of tap water was 
titrated wdth N/50 HCl with methyl orange as an indicator. If 30 c.c. of HCl 
were required, calculate the hardnes.s as parts of CaCOj per 100,000 parts of 
water. 

The reaction between calcium bicarbonate (temporary hardness) and HCl is : 

Ca(IIC03),+2HCl = CaCl3+2Il30+2C03 

/. 2 equivalents of HCl = Ca(HC03)3 = CaC03, since 

CaC03 (100 parts) + II3O+CO3 = Ca(HC03)3 

/. 1 equivalent of acid = 50 parts of CaCO, 

i.e., 1000 c.c. (N) acid = 50 gm. of CaCO,. 

or 1 c.c. (N) acid = 0*05 gm. of CaCO^. 

100 c.c. tap water = 30 c.c. N/50 HCl -. 30/50 c.c. (N) HCl. 

= (30/60) xO'OS or 0*03 gm. of CaCO,. 

100,000 c.c. tap water contain 30 gm. of CaCO,. 

19. Precipitation method. — A solution of silver nitrate may be used to 
determine the strength of chloride, bromide and iodide solutions. 

25 c.c. of a solution containing KC'l and NaCl were found to require 
27'25 c.c. of 1‘15 (N/iO) AgNO, solution to precipitate all the chloride. Another 
25 c.c. of the solution yielded a residue of 0'2C88gm. Calculate the weight of 
KCl and NaCl present in a litre of the solution. 

Let X gms. of NaCl be present in a litre of the sclulion, thfu 
(40 x 0*2088— x) = (8*352 — x) gms. of KCl are present per litre. 

Normality of .‘solution with respect to NaCl = x/eq. wt. of NaCl— x/58*5. 

Normality with respect of KCl — (8*352— x)/ 74* 5. 

total normality with rcsi'eot to NaCl and KCl - 

bii'D 7^*0 

Now, 25 c.c. of solutiorj of the mixed chloride — 27*25 c.c. of 
1*15 (N/10) AgNC), solution. 

/. the nomality of the solution = (27*25 X 9*115) /25N = 0*1254 N. 

Hence _i5_+ =. 0-1254. whence .'£- .5-590 
58-5 ^ 74-5 

Weight of NaCl per litre = 3*590 gm. ; weight of KCl per litre = 4*762 gm. 

20. 55 c.c. of NaOH .solution require 41 c.c. normal Hj,SO^ to neutralise it. 
Calculate the strength of alkali .solution in terms of (a) normaiit y, (h) percentage. 

AiifUmi 1934. (a) 0*7454 N. (b) 2*98%. 

21. 1*3456 gm. of Na^CO, arc dis.wlveJ in water and the volume of the 
solution made up to 250 c.c. 25 c.c. of this .solution exactly neutralised 24*85 c.c. 
of a solution or lIjSOj. Calculate the normality of (a) Nad.'0, solution, (b) acid 
solution, and the amount of Na^SO^ formed on neutralisation. 

CaUnitta ’55. (a) '0*1016 N. (b) 0*1022 N ; Na.3SO, 0*1803 gm. 

22. What ^veight of anhj^urous sodium carbonate would be necd'^d to prepare 

500 c.c. of N /lO sodium carbonate solution. 2*65 gm. 

23. In preparing a N/30 caustic soda .eolntion about 4*4 gm. were weighed 

out and made up to 1 ^lilrc. 20 c.c. of this .solution wero neutralised hy 22*2 c.c. 
N /lO HCl. How much water must be added to 250 c.c. of this cau.stic soda 
solution to make it exactly N/IO? 27*5 c.c. 

24. 5*3 gms. of moist sodium carbonate require 90 c.c. of a normal solution 

of acid to neutralise it. What is the percentage of water? 10 per cent. 

25. The specific gravity of pure nitric acid Is 1*522. What volume of such 

acid w^ouUl be required to just neutralise 100 gms. of KOII ? 73*9 c.c, 

26. 22 c.c. of N/2 neutralised 20*6 c.c. of KOH solution. How 

much water must bo added to 1 litre of the latter to make it exactly N/2? 

68 c.c. 
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27. 0’4 g. of puro calcium carbonate was found to require 45 c.c. of dilute 
IICl for neutralisation. Calculate the normality of the acid. 

Pvnjab 1942. 0*1778 N. 

28. 2‘25 gm. of a dibasic acid was dissolved in water and tho solution 
diluted to 250 c.c. 25 c.c. of this solution required 40 c.c. of 1*25 N/lO alkali 
for neutralisation. Calculate the equivalent and molecular weights of the atid. 

^ Eq. wt. 45; mol. wt. 90. 

' 28a. What volume of normal sulphuric acid would be required to neutralise 

5 litres of ammonia at 27* C and 750 mm. pressure? 2 litres. 

29. 1*125 gm. of an acid (mol. wt. 90) was dissolved in 250 c.c. water ; 25 

c.c. of the solution were neutralised by 25 c.c. N/iO NajCO., soluLion. Find 
the eq. wt. and basicity of the acid. Eq. wt. 45; basicity 2. 

30. What do you understand by a standard solution? How can you prejiarc 
a deci-normal solution of sulphuric acid? 

Equal weights of NaOH and KOH arc taken. Explain which would neutralise 
the larger quantity of an acid. Caustic soda. 

A specimen of brown oil of vitriol had a density of 1*81 gm. per c.c. 

10 c.c. of the acicb- was made to 1 litre with water. 10 c.c. of the solution 
required 28*8 c.c. of N/10 NaOH for neutralisation. Calculate tho % of^HjSO., 
(by weight) in ifae commercial oil of vitriol. 77*94%. 

^ 31. What is meant by neutralisation? Why is a solution of sodium car- 

bon.'do alkaline? W'^hy inu§t phcnolphthalein not be used as an indicator for 
titration with sodium carbonate? 

10 gnis. of soda crystals (NajjCO^jlOHjO) are iTquired to neutralise 50 c.c. 
of a sample of HCl solution. How many c c. of this acid must bo diluted and 
made up to one litre so that we may get a N solution of HCl ? 

Calc*utta '20. 715 c.c. 

32. What volume of pure NH, at 27“ and 750 mm. would be obtained from 

10 gins, of NH^Ci? W’liat volume of N/10 HaSO, would be neutralised b.y this 
ammonia. Cafentta '19. 4*661, ; 1*87 litres. 

33. SO3 prepared by the action of cxces.s strong TIj80< upon 10 gms. of 

copper is passed through a litre of N /2 N*aaC0j wsolution. Find the weight of 
uiicliangcd Na,CO,. (Cu~63). Calcvffa '24. 9*7 gm. 

34. 0*2815 gm. of CaCO^ is dissolved in 30 c.c. (N) HNO,. The excess 

of acid requires 24.43 c.c. of (N) NaOH. Calculate the percentage of CO, 

in the sample of CaCO,. Allahabad '28. 43*53%. 

35. 25 c.c. of an alkali solution is mixed with 8 c.c. of a 0*75 (N) acid 

solution and for complete neutralisation it further required 15 c.c. of a 0*8N 

acid i:oIulion. Find the strength of tho given alkali solution. 

Calcutta '30. 0*72 N. ^ 

36. A sample of dilute H^SO^. measuring 25 c.c. when treated with 1 gni. ' 

of Caf^O, evolved 100 c.c, COj measured at 20‘’C and 700 mm. Colculalo the 
strength of the acid in gms, per litre and I ho amount of tlaCO, remaining 
uncJiangcd. Wahahad '27. 15 gm. ; 0*6J7 gm. 

37. 1*524 gms. of ammonium chlorido wore dissolved in water and 50 c.c. a 

of (N) KOH solution were added to it. The total solution was boiled till 
ammonia reused to be evolved, and was then neutralised with 30*95 c.c. 
(N) H,SO. solution. Calculate the porcentoge of ammonia in tho .sample of 
ammonium chloride. Calcutta '31. 21*25%. 

38. A solution contained sodium hydroxide and carbonate. Using 

phcnolphthalein as indicator 26 c.c, of the solution required 17*8 r.c. N/10 
HCl for neutralisation. Methyl orange was then added, when a further 15.7 c.c. 
of acid was required. Calculate the percentage of each constituent present in 
the mixture. NujCO, 95*2%: NaOH 4*8%. 

39. When a solution containing nitric and hydrochloric acids was treated 
with excess of silver nitrate, silver chloride was precipitated. It was found 
that 10 c.c. of the solution yielded 0*5 gm. silver chloride. 40 c.c. of this solu- 
tion required 21 c.c. of (N) NaPH solution for neutralisation. Calculate the 
weights of nitric and hydrochloric acids present in a litre of the sdution. 

rAg=108; Cl=35*5]. HNO, 11*12 gm., HCl 12*73 gm. 

40 0*3363 gm. of a metal when added to 73 c.c. of distilled water produced 

190 c.c of hydrogen at 27*C and 720 m.m. and the solution became alkaline. 
Calculate the equivalent weight of the metal and tho strength of the alk^dino 



636 


INTBRiMSDlATS CHEMISTRY 


solution in t«rins of normality. Gaeas what the metal is. If. of hydrogen at 
N.T.P. weighs 0*089 gm. Eq. wt. 23; 0*2 N; sodium. Clicutta 

41. What volume of N/IO HCl would completely dissolve 50 gms. of cal- 
cium carbonate. 10 litres. 

42. Concentrated hydrochloric acid has a specific gravity 1*16 and contains 
32 per cent of hydrogen chloride. Calculate t^e volume of this liquid which 
would be required to make litres of a normal solution of this acid. 

Gauhati '52; 983*3 c.c. 

43. 25 c.c. of NaOH solution exactly neutralises 22*5 c.c. of solution 
(containing 1*4175 gm. in 250 c.c.) of a dibasic acid the molecular weight of 
which is 126, and 10 c.c. of tho same NaOH solution also exactly neutralises 
8 c.c. of a solution of H-SO.. Calculate the strength of the HjSO* solution. 

Calcutta '29. 0;1013N. 

(y 44. 1 gm. of a mixture of sodium carbonate and bicarbonate was dissolved 

in 250 c.c. w'ater. 25 c.c. of the solution required 15 c.c. of N/10 HCl for 
neutralisation. Find the percentage composition of the mixture. 

Am, Na,CO, 44*45%; NaHOO, 56*55%. 

45. 3*4914 gm. of a mixture of NaOH and KOH were made up to 250 c.c. 

10 c.c. of this required for neutralisation 13*6 c.c. of 0*25 (N) HOI. Calculate 

the percentage of NaOH in the mixture. 9083%. 

46. 25 c.c. of a solution containing HCl and H^SO^ required for neutralisa- 

tion 24*10 c.c. of N/2 NaOH solution. 25 c.c. of tho solution on precipitation 
with barium chloride yield 0*5218 gm. of barium sulphate. What weight of each 
acid is contained in a litre of the solution. 

[Ba = 137*5]. H,SO, 8*76 gm. ; HCl 11*07 gm. 

47. A specimen of chalk contained calcium sulphate as impurity. ()ne 

gram of the solid was allowed to be in contact with 230 c.c. of N/10 HCl 
solution. The excess of acid in the mixtui*e was completely neutralised by 
8*0 c.c. of 0*46N NaOH solution. Calculate the percentage' of chalk in the 
sample. Calcutta *43; 97%. 

48 A solution contained sodium chloride and hydrochloric acid. 25 c.c. 
of the solution gave 1.792 gm. of silver chloride; if tho molecular proportion 
of NaCl to the lICl is 3 to 1, calculate the normality of acid in the solution. 

fAg^lOS; 01=35.5]. C)*125N. 

49. 75 c.c. of 0*2 N Na^COj were added to 50 c.c. of a solution of 

Ba (NO, la containing 0*034 gm. per c.c. The filtrate and washwater were made 
up to 250 c.c. 26 c.c. of this required for neutralisation 19*8 c.c. of 0*01 N HCl 
(factor 1*01). Find the percentage of barium in the compound. 52*523. 

50. A standard potassium chloride solution is made by dissolving 8 gms. 

of the salt in a litre of solution. 25 c.c. of solution require 23*25 c.c. of a 

solution of silver nitrate to precipitate all the cliloride as silver chloride. 
Calculate the normality of the silver nitrate solution. 0*1153 N. 

51. 1*216 gm. of ammonium sulphate were boiled with an excess of caustic 

soda and the ammonia collected in 1(X) c.c. N.H,SO*. 'The partly neutralised 
acid was then titrated with N.NaOH solution and it required 81*6 c.c. of this 
solution to reach the end point. Calculate tho percentage of ammonia in 
ammonium sulphate. Punjab ’36; 26*72. 

52. A solution contained sodiiim carbonate and .bicarbonate. 25 c.c. of the 
solution required 5 c.c. of N/10 HCl for neutralisation, using ‘phenolphthalein 
as indicator;* methyl orange was then added, when a further 15 c.c. of acid 
was required.^ Calculate the amount of each salt in the given solution per litre. 

Na,CO, 2*12 gm; NaHCO, 3*36 gm. 

53. A sample ot KCl contains 1% NaCl. A solution of this salt is made 

containing 7*55 gm. of Uie impure chloride in a litre. Calculate the volume of 
N/10 AgNO, solution which is required to precipitate all the chloride contained 
in 26 c.c. of the solution. ^ 25*4 c.c. 

54. 16 gm. of a mixture of sodium sulphate and bisulphate was made up 

to 250 c.c. 10 c.c. of this require for neutrklisation 8*4 c.c. of N/2 NaOH. 
Calculate tlm amount of sodium bisulphate. 12*6 gm. 

55. 3*12 gm, of washing soda crystals were dissolved in 200 c.c. of water 
20 c.c. of the resulting solution required 21*8 c.c. of N/10 H.SO^ for exact 

^neutralisation. Calculate the percentage weight of anhydrous sodium carbonate 
in the crystals. 37*02. 
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66. 4*35 gms. of a mixture of NaCl and anhydrous Na-CO, were dissolved 

m water md th® solution made up to 100 c.c. 20 c.c. of the solution required 
10 0 c.c. of N 12 to react completely with the sodium carbonate. Calculate 

tJie percentage composition of the original mixture. 

„ , , NaCl, 62*8% ; Na.CO, 47*2%. 

Y* l.g™' ot a sample of dolomite containing MgCO, and CaCO- only was 
dissolved m 50 c.c. N/2 IlCl solutionj the excess acid was just neutralised by 
18 c.c. N/10 NaOH solution. Find the percentage of MgCO, in the sample. 84 p.c. 

58. 0*12 gm. of a metal dissolved completely in 25 c.c. N/2 HCl solution; 
the excess acid required 25 c.c. N/10 NaOH solution for neutralisation. Find 
the eq. wt. of the metal. , 12 

^4. 1‘054 gm. of a carbonate of a bivalent metal is dissolved in 50 c.c. 

N HCl and tho excess of acid is neutralised by 25 c.c. N caustic soda. Find 
the cq. wt. and at. wt. of the metal. Eq. wt. 12*16; at. wt. 24*32. 

60. 2*5 gms. of a mixture of NH^Cl and NaCl are weighed out in a flask 

and 50 c.c. of solution of caustic soda (containing 24 gms. per litre) are added. 
The solution is boiled until all tho ammonia has been expelled, and the excess 
of caustic soda is then titrated with 20*6 c.c. of a solution of sulphuric acid 
containing 38 gms. per litre. Calculate tho % of NH.Cl in the original 
mixture. 30% NH^Cl. 

61. 1 gm. of a mixture of sodium and potassium carbonate needs 19*7 c.c. 

of HCl containing 0 03 gm. of acid per c.c. What is the weight of each 
carbonate present? 0*612 gm. K,CO, ; 0*388 gm. NagCO.,. 

62. 0*21 gm. of a metal was treated with 100 c.c. N/2 H^SO^ till the metal 
dissolved completely. The residue required 32*5 c.c. of (N) NaOH solution for 
neutralisation. Calculate the equivalent of the metal. JRajputana *52. 12. 

63. 600 c.c. of river water required 24 c.c, of NyiO H^SO^ using methyl 

orange. Oalcula^ thq temporary^ hardness in terms of CaCO^ per 100,000 'C.c. 
of water. • 24 parts/ 100,000. 

64. To find the permanent hardness in water; 20 c.c. were treated with 
25 c.c. N/10 Na,COj,. The unused sodium carbonate was found to require 
22*3 c.c. N/10 HCl. Find tho hardnCfes in terms of CaCO., per 100,000 c.c, 

6*75/ 100,090. •• 

65. 20 c.c. of a solution of HjSO.j neutralises 21*2 c.c. of a 3 per cent solution 
of Na^COj. How would you reduce the strength of the acid to decinormal?^ 

Strength - 0*6N. To every 1 c.c. of solution 5 c.c, of water. 

66. Explain what do you understand by the normality of an acid or base. 
What is meant by neutralisation? 

25 c.c. of solution of sulphuric acid neutralise 22*5 c.c.’s of a 4 per cent 
solution of sodium carbonate. How would you reduce the strength of the 
acid to dccinormal? Calcvtla *48. 1 iitro to be diluted to 6*79 litres. 

67. 7*5 g. of a dibasic acid are dissolved in water and tho volume made 

up to 250 c.c. 25 c.c. of this acid solution require 16*1 c.c. of N NaOH for 
neutralisation. Find the molecular weight of tho acid. 93*17. 

68. To neutralise 10 c.c. of dilute hydrochloric acid 40 c.c. of normal 

sodium hydroxide were required. In another 10 c.c. of the same acid, 1 gram 

of precipitated chalk (CaCOj) was dissolved, and it was then found that 20*5 c.c. 

of nornijfl sodium hydroxide were required to neutralise tho excess acid. Calculate 
the percentage of pure calcium carbonate in the precipitated chalk. 97*5%. 

69. If 1 gm. of anhydrous sodium carbonate were add^d to 20 c.c. of a 

normal .solution of sulphuric acid, what volume of CO, would* be set free at 
N.T.P. ? Would tho resulting solution be acid or •alkaline? What volume of 
N/10 acid or alkali would bo required to neutralise it? Ana, acidic; alkali 

required = 1T3 c.c. of N/10 alkali; CO, formed 211*3 c.c. 

70. When one litre of a solution of silver nitrate was electrolysed for sometime 
0*1259 gm. of the metal ’sjas deposited on the cathode. 20 c.c. of the solution 
gave 1*667 gms. of silver chloride after electrolysis. Find the strength of the 
solution in terms of normality before and after electrolysis. Ag~ 108; Cl— -35*5. 

Calcutta, ’57. 0*5821N before electrolysis; 0*6809N after electrolysis. 

71. Explain what is meant by a normal solution. How does it differ from 
a *molar’ solution of a substance? What weight of sodium carbonate, sodium 



538 


mTERMEDUTE CHEMISTRY 


bicarbonate and sulphuric acid will be required to prepare a normal solution 
of each? 

Calculate the quantity of a sample of sodium carbonate, which contains 00 pei^ 
cent carbonate and 10 per cent bicarbonate, that should be dissolved in water 
to make one litre solution, so that it will require an equal volume of N/5 
sulphuric acid solution for complete neutralisation^ Calcutta *50. 11*01 gm. 

72. itai excess of ferrous sulphide is added to *125 c.c. of dilute sulphuric 
acid and the volume of hydrogen sulphide set free measured 560 c.c. at O^C 
and 760 m.m. Calculate the normality of the acid Calcutta *49. 0*4 N. 

73. 2 gms. of the carbonate of a metal were dissolved in W c.c. (N)HCl 
solution. The resulting liquid required 100 c.c. N/10 NaOH solution to neutralise 
it completely. Calculate the equivalent weight of the carbonate. 

Jiajq)ut4ina, ’53. .4ns. 60. 

y 74. 10 c.c. of N sodium carbonate was required to neutralise 20 c.c. of a 
solution of sulphuric acid. What volume of gas would be obtained at N.T.P. by 
the action of 100 c.c. of this acid on zinc? Calcutta IQbO'j 0*56 litre. 

Oxidation reactions. — A normal solution of an oxidising agent, suck 
as potassium permanganate or protassium dichromate, contains in 1 
litre 1 gram-equivalent (8 gm.) of oxygen, available for oxidation. 

2 moles of potassium permanganate in acid solution give 5 
atoms of available oxygen: 2KMn04 + 3H2S04 = K2S04 + 3H20h- 50. 
i.e., 2KMnO^ = 50 = lOH, KMnO^/S = H = equivalent weight, 
equivalent weight of KMnO^ '= mol. wt./5 — 158/5 = 31‘6. 

A normal solution of KMnO^ contains 31‘G gms. of potassium 
permanganate per Hire of the solution. ^ 

The equivalent of a substance depends upon the particular reaction 
in which it takes part, thus; ferrous salts arc oxidised to ferric salts.: 
2KMnO, + 10FeSlO,+8H2SO, == 5Fc#0,)3 + K2SO, + 2MnSO,-f-8H20. 

* 2KMnO, = lOFeSO^, i.e., KMnOJo - FeSO, = eq. wt. 

^ Hence the equivalent weight of ferrous sulphate is its molecular 
^weight which contains 56 gms. of iron. 

.*. i litre of N.KMfiO^ solution = 56 gm. of iron. 

Oxalic acid, CgHgO^, is oxidised to carlx)n dioxide and water by 
KMnO, in hot dilute H^vSO^ solution. 

2 KMn 0 , + 5C2H30^ + 3H2S0^ - K 2 SO, + 2 MnS 02 + lOCO^ + 8 H 2 O. 

.*. 2KMn04 = 5C2H2O4.2H2O (oxalic acid crystals contain 2 mole- 
cules of water of crystallisation). 

KMnO^/S = CoHoO^, 2HnOI2 = equivalent weight. 

.’. the equivalent weight of oxalic acid crystals = 126/2 = 63. 

Also^ 1 litre of N.KMnO^ solution = 63 gm. of oxalic acid crystals. 

Potassium dichromate in acid solution yields 3 atoms of oyailable 
oxygen ; K„Cr,Q, + 4H2SO, = K2SO., +Ct^{SO^), + 4H2O+.3O. . 
^2^20, = 30 = 6H, or K2Cr20,/6 = H = eq. wt. 
equivalent weight of K^Cr^O^ = mol. wt./6 = 294/6 = 49. 

A normal solution ctf KjCrJD^ contains 49 gm. of potassium dichro- 
mate per litre. 

lodometry.^ — Iodine solution reacts with sodium thiosulphate 
NajSjOg ; 2Na2S203 = N.igS^O^^ (sodium tetrathionate) H- 2NaI. 
NagS^O^ = I = H = equivalent weight. 

The equivalent weight of iodine is the same as its atomic weight, i.e., 
Iodine. From the reaction the equivalent weight of sodium 
thioBuli^^te is equal to its molecular weight. 
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A normal solution of iodine contains 127 gm, iodine per litre, 

A normal solution of sodium thiosulphate contains 248 gm, of 
Na 2 Sfi^, 5H^() crystals per litre. 

Consider the reaction: 2CuSO^+4KI = 2 CUI+IJ 5 + 2 K 2 SO 4 . 

CuSO^ = I = H == equivalent weight. The equivalent weight 
of copper sulphate in this* reaction is i.ts molecular weight which con- 
tains 63'54 gms. of copper. 

1 litre of N. sodium thiosulphate solution = 63’54 gms. of 
copper. , 

Exercises 

1 . 0'7 gm, of oxolic acid crystals was dmolved in watery md the solution 
made lip to 50 c.c.^ This solution required ITl c.c, of potassium permangamte 
solution for oxidation at 60^0, Calculate the strength of the latter. 

Equivalent- weight of oxalic acid = 63 pms. 0*7 gm. of oxalic acid was 
dissolved in 50 c.c. 1000 c.c. of oxalic acid contained 14 gms. of the solid. 

the strength of oxalic acid = 14/63 N oxalic acid solution. 

Now, ll’l c.c. of KMnO^ = 50 c.c. of the 14/65 N oxalic acid solution, 
strength of KMnO, = (50/11*1) X (14/63) N = 1*01 N. 

2. A solution of potassium dichromate was found to be 1*035 N/10. 
Calculate the volume of this solution which must he taken to make an exactly 
N/10 solution, 23*35 c,c, of this 1*036 N/10 KjCr/), solution oxidised 25 c.c. 
of a ferrous sulphate solution. Calculate the number of •jms. of ferrous iron 
per litre of the solutio\ 

1 c.c. of f*035 N/10 solution 1*035 c.c. of N/10 solution. 

.*. 1000 c.c. N/10 solution = 1000/1*035 or 966 c.c. of 1*035 N/10 solution, 
i.e., 966 c.c. of 1*035 N/10 solution are. to be diluted to 1000 . c.c. to make it 
exactly N/10. 

25 c.c. of ferrous sulphate solution = 23*25 c.c. 1*036 N/10 KaCrjO^. 

strength of ferrous sulphate solution = (23*25/25) X (1’036/ 10) N =0*096N, 
1000 c.c. of 0*096 N foirous sulphate -- 0*096x^6 or 5*4 gms. of iron. 

3. 10 c.c, of a solution of hydrogen piroxide decolorised 50 c.c. of NjlO 
solution of acidified KMnO^. What is the strength per litre of hydrogen 
peroxide ? 

10 c.c. of HjOa solution = 60 c.c. N/10 KMnO^ solution 
strength of = (50/10) X N/10 = N/2 
2KMnO, + 3II,SO, + 6H,0, = K,SO, + 2MnSO, + 8H,0 + 50, 
equivalent weight = KMnO^/5 = H,0,/2 
i.e., half the molecular weight of H 3 O, is its equivalent weight = 17 gms. 

1000 c.c. of N H 2 O 3 solution = 17 gi»s. of 11,0, 

.*. 1000 c.c. of N /2 11,0, solution = 8*5 gms. HgO,. 

4. A 'solution of a copper sulphate contains S5 gms. of the. salt per litre 
of solution. 25 c.c, of a solution of TJO NflO iodine solution reacts wilt 
2T15 c.c, of a sodium thiosulphcde solution. If 21^7 c.c. of this thiosulphate 
solution (xre required to reduce the iodine set free from 25 c.c, of the copper 
sulphate solution with potassium iodide y calculate the percentage of copper in 
the salt used, 

27*16 c.c. of thiosulphate solution = 25 c.c. of 1*1 N/10 iodine 

/, strength of thiosulphate = (25x1*1) / 27* 15.N/ 10 = 1*013 N/10. 

Now, 2CuSO, + 4KI = 2CuI + 2K,SO, + 

1 equivalent of I, = 63*57 gms. of Cu = I equivalent of thiosulphate 

1 c.c. of N /lO thiosulphate - 0*006367 gm. of copper 
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1 c.c. of 1’013 N/10 thiosulphate = 1*013 X ‘006357 gm. of Cu 
24*7 C.C. of „ „ = 1*013 X ‘006357 x 24*7 gm. of Cu, 

= 0*1591 gm. of Cu. 

25 c.c. of copper salt contains 0*1591 gm. of Cu, 

/. 1000 c.c. of „ „ 0*1591x40 or })*364 gms. of Cu. 

i.e., 25 gms. of the copper salt contains 6*364 gms. of Cu 
the percentage of Cu = 6*364x4 = 25*456 gms. 

5. What volume of .a ferrous sulphate (FeSO^) solution contiaining 16 g. 

per litre could be oxidised by 50 c.c. of N/10 permanganate? 47*5 c.c. 

6. What weight of KMnO^ would be needed to make 1 litre of the normal 

reagent (a) in acid solution, (b) in alkaline solution? 31*6; 52*7. 

7. 25 c.c. of a solution of iodine of normality factor 0*115 requires 24*35 c.c. 
of a sodium thiosulphate solution for. its leducbion. Calculate the voiume of 
this solution that must be taken to make one litre of just N/10 Na,SaOa solution. 

847 c.c. 

8. 11*380 gms. of bleaching powder were suspended in a litre of water. 
25 c.c. of this suspension, on treatment with dilute HCl and potassium iodide 
liberated iodine, which required 24*57 c.c. of 0*1007 N sodium thiosulphate. 
What is the pei-centage of available chlorine in the bleaching powder? 30*61. 

9. 0*29 gm. of a sample of pyrolusite, when warmed with strong hydro- 

chloric acid, liberated chlorine which was equivalent to iodine contained in 
61 c.c. of N/10 iodine solution. Calculate the percentage of manganese dioxide 
in the pyrolusite. 91*5 per cent. 

^ 10. 9*8 gms. of a ferrous compound were dissolved in sulphuric acid and 

diluted to 1000 c.c. ; 4*5 c.c. of N/10 KjCr^O, (factor -- 0*8158) were required to 
completely oxidise 10 c.c. of the iron solution. Calculate the iron in the corn- 
found. [Fe“56]. 2 gm, 

11. 0*806 gm. of a mixture of KMnO* and KjCraO, when dissolved in 

.water and acidified was found to oxidise 50 c.c. of a solution of a ferrous salt 
containing 22*4 gms. of ferrous iron per litre. What is the composition of the 
mixture? 0*316 gm. of KMnO^; 0*49 gm. of KaCraO,. 

12. What weight of chlorine would liberate a quantity of iodincj from 

potassium iodide which would be exactly equivalent to 0*4 gm. of sodium 
thiosulphate crystals? 0*05725 gm. of chlorine. 

13. What volume of N/20 KMnO* would oxidise 0*2 gm. of ferrous 

ammonium sulphate crystals ? . 10*2 c.c. 

14. 1*12 gin. of a specimen of iron were dissolved in dilute IT..SO^ and 
the solution made up to 200 c.c. 25 c.c. of this solution were oxidised by 
24*8 c.c. of N/10 permanganate. Ciilculate the purity of the iron per cent. 

99*2 per cent. 

15. 1*2 gm. of commercial oxalic acid, 2HjO were dissolved in 

200 c.c. water. 10 c.c. of this solution required 8*5 c.c. N/10 KMnO^ solution 
for complete oxidation. Calculate pcrcent.nge purity of the sample. 

Punjab 1949. 89*25 p.c. 

APPENDIX 

Balancingw redox equations, — Redox equations involve simul- 
taneous increase in valence (oxidation) of one elemen.t and decrease 
in valence (rcdiictionj of another element. Such cejuations may be 
balanced Iw the valence number (also called oxidation number) 
method. Tne valence number of an clement in a particular compound 
is a number which denotes the extent of oxidation or reduction neces- 
sary to change the element from the free i^ate into that in the com- 
pound. The valence number is given a plus sign if oxidation is 
required to effect the change and a minus sign if reduction is neces- 
, iSiry. The following rules apply in fixing valence numbers: — 
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(i) The valence number of an element in the free or uncombined 
state is zero. 

(ii) In the combined state the valence number of: 

{a) a hydrogen atom is + 1 , except in .hydrides like NaH ia 
which it is -J. , 

(b) an oxygen atom is ~ 2 , except in peroxides such as Na^O, 
and H 3 O 2 where it is — 1 . 

(c) a metal atom is usually positive, except in certain hydrides, 
e.g., SbHg, where it is negative. • 

(iii) The* valence number of a radical or ion is that of its electro- 
valency. 

(iv) Tlic algebraic sum of the valence numbers of all the atoms 
in a compound is zero. 

Illustrations. — The valence number of an atom of : 

{a] carbon is +4 in 003(20 = -4) and -4 in CH^(4n=r+4). 

{0) nitrogen is +5 in UNO, (30= -6; H=+l) and -3 in NH.,(3Il- +5). 

(c) sulphur is +6 in H3S0,(40= -8; 2H = +2) and -2 in H3S(2H = +2). 

(rf) chlorine Is +7 in HC10,(40--8; H= +1) and -1 m HC1(H= +1). 

(r) manganese is +7 in KMn0^(40=~8; K=+l) and +4 in Mn03(20 = — 4). 

For balancing redox equations : (i) write the formulae correctly and indicate 
the valence numbers of those elements which change their valence in the 
reaction, e.g., FeCb + SnClj — ^-FeCb + SnCb. ^ 

Valence numbers: +3 4 2 4-2 +4 * 

(ii) Make the incrdise in valence number for one element equal to the 
decrca.se in vdlcnce number for another, since oxidation must exactly com- 
pensate reduction, e.g., 

■ ^loss of 1 unit ^ . 

FeClj 4* SnCl, — ^ FcCl, + SnCh* 

I . I 

— gain of 2 unit-s — 

To make the loss equal to the gain, the ratio of the oxidiser FoGf, to the 
reducer SnCl. must be 2 to 1. 

(iii) Finally, balance the equation by 'nspection : 

2FeCb 4- SnCl, ='2FeCl3 + SnCH,. 

Illustrations. — (1) Action of hot concentrated sulphuric acid on carbon. 

gain of 4 units 

I I 

C 4* H3SO, — > CO, + SO, + H3O. (i) 

0 4-6 4-4 +4 

1 . I 

loss of 2 units 

proportion of C and H..S0!; must be 1 to 2. 

. C 4- 2H3SO, = CO, 4- 2S0, 4- 2H,0. ^ (ii) 

(ii) Action of nitric acid (1 : 1) on copper. 

gain of 2 units • 

Cu + HNO, + HNO, — > Cu(N0,), 4- NO + II,©. (i) 

0 +5 4-2 4-2 

I I 

^loss of 3 units 

proportion of oxidiser HNO, to reducer Cu must be 2 to 3. 

salt former — 

3Cu + 6HN0, + 2HN0, _> 3Cu(N0.), + 2N0 + 4H,0. (H) 


»xidi8e^ 
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or 3Cu + 8HNO3 = 3Cu(N03)a + 2N0 + 4H3O. 

(iii) Reduction of acidified potassium permanganate by nascent hydrogen 
— loss of 5 units per 1 Mn atom — 


KMilo, + H.SO, + H . 
+7 0 


. K,SO, + MnSO, + H.O + H,0 

+2 +1 


gain of 1 unit per H atom 

ratio of KMnO^ to H atom must be 1 to 5. 

KMnO, + H,SO, + 5H K,SO. + MnSO. + H;,0 + H,0. 
Multiplying by 2 and balancing the equation becomes 

2KMnO* + 3H,SO. + lOH = K,SO^ +2MnSO, + 8H,0. 

(iv) Action of hot concentrated sulphuric acid on potassium iodide, 
-gain of 1 unit per atom of I 


+ H,SO, + H,SO^ - 
-1 +6 


. KHSO, + I + IIjO + SO, 
0 +4 

I 


(iii) 

(i) 

(ii) 

(iii) 

(i) 


— ^loss of 2 units per atom of S — 
ratio of KI to oxidiscr H.SO^ must be 2 to 1 
salt former- 


2KI + 2H,S0, + II,SO, 

1 


> 2KHSO. -t- I, + 2H,0 -f SO, 
-oxidiser 


or 2KI + 3H,SO. = 2KHSO, + I, -h 2H,0 -f SO,. 

(v) Oxidation of ferrous sulphate by KMnO, in sulphuric acid medium, 
-loss of 6 units per Mn atom 


kIiu 


dnO, + H,SO* + TeSO,. 
+7 +2 


. K,SO. + MnSO^ + H,0 + l''e,(SOJ,. 

+2 +3 


I 


-gain of 1 unit per atom of Fe 


• ratio of KMnO, to FeSO. must be 1 to 5. 

KMnO, + HjSO, -1- SFeSO. k.SO, + MnSO, + H,0 + Fe,(SO,),. 

Multiolvine bv 2 and balancing, the equation becomes 
2KMnO;-f 8lf,SO^^ .= K,SO:+ 2Mngo, + 8H,0 + 6Fe,(SOJ,. 

(vi) Action of hydrogen sulphide on sulphur dioxide. 

gain ot 2 units ' 

H i + so, — S + H,0 + s. 

-2 -f4 0 0 

I . I 

— loss of 4 units — 

• ^ ratio of reducer H,S to oxidiser SO^ must be 2 to 1. 
or’aHjS -+- so, = 2S -f 2H,0 + S. 

(vii) Action of dilute nitric acid upon tin. 

gain of 2 units 


Sn + HNO, + HNO,. 

0 +5 

salt former 1 

/. ratio of Sn to oxidiser HNO, must be 4 to 1. 
or 4S» + 9HNO, -f HNO, = 4Sn(NO,), + 3H,0 -f NH^NO, 
• salt former oxidiser. 


. 8n(NO,), + H,0 -I* NH*NO,. 
+3 -3 

-loss of 8 units- 


(ii) 

(iii) 

(i) 

(ii) 

(iii) 

(i) 

(ii) 

(i) 

(ii) 
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MeasotemeDts. 

Tile C. G. S. sjrsteDi.— Th« metric system is commonly adopted ae the system 
of weights and measures in all scientific work. In this system, (i) the unit of 
length is the centimetre, {n\ the unit of mass is the gramme, and (iii) the unit 
of time is the second* Hei^e it is called C.G.S. or centimetre-gramHie-second 
system. 

Hie unit of length. — The centimetre (cm.) is one hundredth of a metro which 
is the exact distance between 2 marks on a standard bar of platinum at O^’C, 
preserved in Paris. ^ 

The unit of area. — The square centimetre (sq. cm.) is the area of a square 
of one centimetre side. 

The unit of volume. — The cnhic centimetre (c.c.) is the volume of a cube of 
one centimetre side. But the unit of volume or capacity often used is the litre 
which is the volume of one kilogram of water at its maximum density at 4®C. 
The litre was originally intended to be equal to 1 cubic decimetre, i.e., 1000 cubic 
centimetre. Bpt 1 litre is nodw known to be equal to 1000*028 c.c. One mdlilitre 
(ml.) is one-thousandth of a litre, i.e., 1 ml. = 1*(XXX)28 c.c. 

The unit of ni.ass. — Gram or gramme is the mass of one cubic centimetre 
of water measured* at 4®C, the temperature of maximum density. But this mass 
is now known to be 0*999,973 gram, i.e., 1 gram is the mass of 1*(X)0028 c.c. of 
water at 4®C. 

The unit of time. — The second is 1 /86400th part of a mean solar day. 

The normal or standard pressure. — This is defined the psessmedue to 

a column of mercury 76 cma. high at 0®C, at sea-level and latitude 45 "^and 
is equal to (76 X 13*596 J<.980) or 1,013x10* dynes per square centimetre (density 
of mercury = 13*596, and gravitational coiutant = ^0) = 14*7 lbs. per sq. in. 

Tn metric system the prefixes deci- centi- and milli- are used to denote the 
fractions one-tenth, one hundredth, and 4one*thousandth, while ^he prefixes deca-^ 
hecto- and kilo- denote 10, 100, and 1000 times respectively. 

1 metre (m.) = 10 decimetres — KX) centimetres (cm.) =1000 millimetres (mm.) 

1 gram (gm.) = 10 decigrams=100 centigrams =1000 milligrams (mg.) 

1000 gms. = 100 decagrams =10 hectograms =1 kilogram fkg.) 

1000 m.=100 decametres =10 hectometres =1 kilometre (km.). 

ConyersioD table of units 

Length; 1 m. =39*37 in. =3*2809 ft. =1*0936 yd.; 1 kilometre =0*621 mile. 

1 in. = 2*54 cm; 1 ft. = 30*48 cm.; 1 yd. =0*9144 m. ; 1 mile=r609 km. 
Volume; 1 litre (f.)=1000 millilitres (ml.)=1000 c.c.; If. = 1*76 pint. 

1 cu. in =16*387 c.c. ; 1 cu. ft. =20*32 f. ; 1 gallon=4’546 litres. 

1 gallon of water -0*1605 cu. ft. =4*546 f.; weighs 10 lbs. 

1 c®. ft. of water at 62® F weigljs 62*3 lbs. ; If of water =1000 c.c. ; 

weighs 1 kg 

Weight: l*lb. =16 oz.=7000 grains =453*59 gms. =0*45359 kg. • 

1 kg. =1000 gm. =2*205 lbs. =0*001 metric ton=85*7 tolas. 

1 gm. =0*035 oz. =15*43 grains ; 1 oz. =28*35 gm. ; 1 grain=0*065 gms, 

1 tons =27 mannds nearly; 1 stone =14 lbs. 

Apothecary’s unit — 1 c.c. = 0*033 ounce = 0*27 dram 
1 ounce = 29*57 c.c.s ; 1 dsam = 3*7 c.c.s 
Temperature- f 32; "C = ft {‘‘P-32). 
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Difiplace- A metal higher up in tlie scries displaces one below from its salt, 
ment. e.g., CuSO^ + Fe = FeSO^ + Cu. 

piiinvina Motuls yield anhydrous chlorides, when heated in chlorine— Fe, 
Sn, Cu and Hg form -ic chlorides. 

"rt Hot concentrated NaOH or KOH dissolves Al, Zn and Sn, liberating 
^ fl«. 
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GENERAL THEORY 

The growth of organic Chemistry. — Numerous natural products of 
plant or animal origin, e.g., oils, fats, gums, resins, sugars, starch, 
etc., had been known to the ancient people. Such common things 
as soap, dyes, dnigs, wine, beer, perfumes and poisons, have, been 
made since early times. I^he art of dyeing with indigo and alizarin 
is also a very old practice. 

The next phase is marked by the isolation of many individual 
compounds. Alcohol was obtained very early by distillation of wine, 
and so also acetic acid by distillation of vinegar. Many acids were 
isolated from fruit and aninnil juices. Formic acid was prepared by 
distilling red ants in 1749. Towards the end of the 18th century 
Scheelf3 isolated citric acid from lemon, lactic add from sour milk, 
oxalic acid from wood sorrel, gallic acid from nut galls, benzoic acid 
from gum benzoin, and tartaric acid as the sour princippel of grapet:-. 
He also isolated (jlijccrinc from olive oil. In 177B Kouelle isolated 
a tea from human urine. Morphias was isolated from opium in 180o. 
The early chemists of the period, also isolated the alkaloid drugs 
qitiriinr^ cinchonine and atryclinine. 

These and similar natural products were called organic to denote 
their origin from plant oi* animal sources, and were thus distinguished 
from inorganifj substances such as acids, bases and salts, etc., which 
are made from lifeless rocks and minerals. 

Hut beyond the sepajatioii of a number of natural products, 
nothing was known about their chemical nature. In 1874 Lavoisier 
showed by combustion analysis that all organic compounds consisted of 
at least carbon and hydrogen (hydrocarbons) and frecpiently oxygen 
(alcohol) and nitrogen (urea, morphine). Most of the organic coni- 
})onnds of diveise types and properties were soon found to be made 
of a few elements only, namely carbon, hydrogen, oxygen and nitrogen. 
Substances so unlike in properties aft alochoJ, acetic acid, sugar, oils 
and glycel’ine, are made up of the same three elepients carbon,, 
hydrogerrand oxygen in different proportions. 

Iliis was in sharp contrast to the inorganic compounds which: were- 
distinguished by their simplicity in composition.* ft was argued that- 
such complexity in composition in organic compounds could be evolved 
out of a few elements only through the operation of a mysterious force 
inherent in living cells; this was called vital force. This led Berzelius- 
to believe that organic codipoimds were produced under the influence 
of a vital force, and that they could not be prepared artificially. 
Organic substances could only be isolated as products of life processes. 

This barrier of vital force which separated organic from inorganic 
chemistry was broken down in .1828, the year Wohler artificially pre- 
IT— 1 
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pared urea, a product of animal origin, by evaporating an aqueous 
solution of ammonium cyanate, an inorganic salt : 

' NH4CNO (ammonium cyanate) = CO(NH2)a (urea) 

This was a direct refutation of the vital force theory, and in a 
letter to Berzelius he wrote, 7 must tell you that I can prepare urea 
without requiring a kidney or an animal, either man or dog/ The 
synthesis of urea was followed by others, e.g., synthesis of acetic acid, 
and so the belief in vital force disappeared. It was soon realised that 
the same laws and the same forces operate in organic as in inorganic 
chemistry. So the terms organic and inorganic have lost their original 
meaning, and their retention is a matter of convenience. All the 
'so-called organic compounds contain carbon, and since this is the one 
essential element, ^rganic chemistry may be defined as the chemistry 
of the carbon compoands.1 

The elements commmily found in organic compounds are : carbon 
(always, by definition), hydrogen (almost always), oxygen, nitrogen, 
halogens, sulphur, phosphorus, and a few metals. 

There are certain distinctive features of organic chemistry which justify its 
study as a separate branch of chemistry. The carbon compounds are far more 
numerous, about 10 lacs now, than the compounds of all the elements put together 
— the compounds total about 75 thousands only. The organic compounds 

«*Tb often very complex, as the following examples illustrate : 

Cane sugar, Quinine, . 


Carbon has the unique power to combine with other carbon atoms to form long 
chains. This largely explains the great complexity of organic compounds. The 
•• same formula may represent many different organic compounds. Thus the formula 
C,H.O stands for both ethyl alcohol and dimethyl ether. The same formula 
CioHjeO stands for 120 different compounds. But in inorganic chemistry a single 
formula stands for one compound only, e.g., H 3 O stands for water only. 


Organic compounds, with, few exceptions, are combustible, while the inorganic 
substances as a rule do not bum. Unlike the inorganic compounds, the organic 
compounds usually melt at low temperatures and decompose at elevated tempera- 
tures. Organic compounds, as a rule, are soluble in organic solvents; few may 
dissolve in water, e.g., alcohol, acetic acid and sugar. Many inorganic com- 
pounds, on the other hand, dissolve in water, but not in organic solvents. 
Organic reactions are usually slow and ai’e seldom quantitative, but the inorganic 
reactions are very quick and instantaneous. Organic compounds are mostly 
derived from coal tar, petroleum, and plant and animal sources. But an amaz- 
ingly large number have also been synthesised in the laboratory. In this way 
many natural products have been produced artificially : notable examples are 
alizarin and indigo. Coal tar is a prolific source of organic compounds, and gave 
rise to the coal tar dye industry, it supplies practically all tho dyes in use, 
and also many drugs, perfumes, flavours, developers and high explosi/es. Organic 
chemistry plays 'a great part in our daily life. Our foodstuffs, clothing, paper, 
plastics, dyes, drugs, hormones, vitamins, penicillin, petrol, rubber, etc., all are 
the gifts of organic chemistry. 


The linkiDg of'^carbon atoms. — The valency of carbon, almost 
without exception, is four, and is conveniently represented by four 
bonds. The carbon atom and the simplest hydrocarbon methane are 
graphically written as follows: 

H ' K H 

I ; : 

H— C— H H— C— 0— H 


atom 


Methane, GH^ 


I I 


H H 


Ethane, OtH, 



■3" 


(genehal thborJ 

^he carbou atom possesses the unique capacity for linking one to 
anotner to build up chains of carbon atoms — this property of carbon 
is known as catenation.'^ The chain of carbon atoms may be o pen 
(straight or branched) c(r close^ 


-C— C— C— C— 

I r I I 



-c/ 


c— 


Closed chain 


Open chain (straight) Open chain (branched) 

The skeletons of carbon chains such as the above are present in organic 
compounds. The unused valencies are then satisfied by atoms of 
hydrogen, oxygen, etc., according to the valency requirements of each 
carbon atom. When the valencies of the above carbon skeletons are 
satisfied by hydrogen, we get: 


H H 11 H 

1 1 1 1 

H H H 

1 1 1 

II H 

1 1 

III 

H— c— 0— c— (;-ii 

I 1 i 

h--c~u~c-h 

1 1 

1 1 1 1 

1 1 i 

H-C< >C^H 

H H H H 

H H 

\c 


H— C— H 

1 * 1 

* 

\ 1 

H H 

c 

• n 


Butane, 

Isobutano, 

Benzene, 


The theo ry of carbon linkage , based on the concept ot catenation 
and quadriT^ency or carbon, was developed by the famous German 
'chemist Kekule in 1858. The theory clearly explains the structure of 
organic compounds. 

The theory may be further explained with reference to hydro- 
carbons (i.e. compounds of carbon with hydrogen only). Two carbon 
atoms are linked together in ethane, CgH^. Similarly, chains of 3, 4 
and 5 carbon atoms are present in propane, butane, and pentane 
respectively. 


H H H 

I I I 

H— C— C— C— H 


H H H H 


H— C— C— C— C—H 

i k 1, 'h ' 

Butane, 


II H H H H 

I I I I I 

C— C— C— C^H 

I I I I I 

il H H H H 
Pentane, 


I I I 

H H H 
propane, Cjll, 

^Methane is a saturated hjrdrocarbon, since all the valencies of 
carbon are fully satisfied. (When all the valencies of carbon atoms in 
a chain ore fully satisfied, the compound is said to*be aaturated^ e.g., 
ethane, propane, butane. The carbon atoms are linked by single bonds 
in saturated compounds.) ^When the valencies of .carbon atoms in a 
chain are not fully satisfied, the compound is called unsaturated.) In 
an unsaturated compound tfie adjacent carbon atoms may be linbed 


by double bonds, as in ethylene, C 3 H 4 , and propyh 
double bond is Uso called ethylinic or olefinic linkage 


H,C=CH, 

Ethylene 


OaHe- The 


Propylene 
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CAii Diisaturated compound may contain a triple bond (also called 
acetylinic linkage) between adjacent carbon atoms, as in acetylene and 
methyl acetylene.^ 

H—C =C— II CH,1-C= C— H 




Acetylene Methyl acetylene 

lomologotts series, - ^The number of organic compounds is 
unbelievably lai^e, but majority of them have been classified into 
several series of similar structure or constitution and chemical proper- 
ties.^ Thus the hydrocarbons of the methane series, e.g., methane, 
ethane, propane, etc., form such a series, and is collectively known 
as varaffinH . The paraffins may be given the general formula 
Cn^^ 2 u+ a- ^J^he molecular formula of each member of the series 
differs from that of another which precedes or follows it, by one atom 
of carbon and two atoms of hydrogen, i.e., by CH^. 


Paraffins, CnH. 

n+j 

1 

Alcohols, CnH,n+,.OH 


difference 

Methyl alcohol, CH^OH 

Ethane, 

difference CH^ 

Ethyl alcoM, C,H,OIl 

Propane, C,,Hg 

difference CH, | 

Propyl alcohol, 

Butane, 


Butyl alcohol, 


difference CHj, 


Pentane, 
etc., etc. 


Amyl alcohol, 
etc., etc. 


Such a series of organic compounds of similar. structure (or consti- 
tution) and chemical properties, (the successive member of which differs 
in molecular formula by Cllg only, is called a homoJoj^ous series , and 
the, several members are, known as homologucs of one another. 

/ V J^fiiictional g roups in organic chemistry. — Ber/elius in 1B17 
-I'^eognisecl that organic compounds are made up of compound radicals 
— the I’adicals being linked to one another in the (joinpounds. The 
structural formula of a given compound readily reveals the radicals 
present. Ethyl alcohol, for example, may be sjdit up into 

ethyl, and hydroxyl, -OH, radicals. Similarly, . acetic acid, 

CH^.COOli, is (jnade up of methyl,^ -GH,, and carbo:yyl, -COOH, 
radicals. Such groups are called compound radicals or simply riidicaU . 
• The (aliphati^) hydrocarbon radicals are derived from coi^espShd- 
ing paraffins and have a .general formula CnHgn+i* A hydrocarbon 
radical, also called alkyl radical , contains one hydrogen atom less than 
a paraffin, and is monovalent,' e.g., methyl, CH 3 -, ethyl, CHg-CHg-, 

CHg. 

n-piopvl, GHg-CHa-CII,-, /»o-propyl, ^GH-, etc. 

oh/ 

The orderliness that we often come across in organic compounds 
by and large due to tho characteristic properties that a radical 
poss^fisesl Hence in the study of organic compounds it is necessary to 
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recognise the existence of principal radicals and know Iheir properties. 
The consideration of a few homologous series will make things abun- 
dantly clear. 


V-<2(l^hols, CnHan+i.OH • 

VAfoines, C|iHjn+ 

Methyl alcohol, CH,.OH | 

Methyl amine, CH3.NH3 | 

Ethyl alcohol, j 

Ethylamine, 1 

Propyl alcohol, 

Propylamine, C.U^.NH., j 

Butyl alcohol, , 

Butylamine, 

VAttfehydes, CnH , ,.CHO 

uVfJuls, Cnll.n+. COOH 

Formaldehyde, R.CHO 1 

Formic acid, II.COOH . . 

Acetaldehyde, ! 

Acetic acid, CH,.(:OOH j 

Propionaldehyde, CjH^.CHO, 

Propionic acid, C,H,.CODH ' 

Butyraldehydo, CjH,.CH() 

Butyric acid, (^,H,.COOH 


The chemical simil\irities in members of any particular series is 
due to some common radical in them, e.g., the properties of aldehydes 
are due to the presence of the aldehyde radical* -CITO; similarly the 
^ characteristic properties of alcohols depend on the *hydroixyl radical, 
-OH. Such radicals as" —OHO. -OIL -00011, etc., upon which 
the characteiistic properties of different classes of organic compounds 
^geiy depend are caUed fun^onal The properties of organic 

compounds are considered in terms of the radicals they are made up of. 
Hence it is in the fitnefes of things that organic compounds have been 
classihed according to the functional groups they contain. Some of 
the principal types of organic compounds are : 


Functional group 

[ Class of compounds 

Examples 

Hydroxyl, — OH 
Aldehyde, — CHO 

Keto, —CO— • 
Carboxyl, — COOH 
Amino, — NH, 

Amido, — CONHa 

Alcohols 

Aldehydes 

Ketones 

Acids 

Aminos 

Amides 

Ethyl alcohol, C^H^.OH 
Acetaldehyde, CH3.CHO 

Acetone, CH^-CO-CH^ 

Acetic acid, CH^.CTOOH 
Methylamine, CHg^NHa 
Acetamide, GHj.CONHj, 

• 


A few other commonly occurring functional groups are : cyanide 
(or nitrile), -CN, e.g., methyl cyanide, CH3.CN; acetyl, CHgCO-, 
e.g., acetyl chloride, CH3COCI ; methylene, — CH^ — , e.g.,, methylene 
chloride, CH3CI3 ; iminio, =NH, e.g., dimethyl amine, (CH3)3NH ^ 
niiro, — NO^, e.g., nitromethaiie, CH3NO2. 
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The functions of a given radical may be greatly influenced by its 
neighbours. The same bivalent carbonyl group, >C = 0, for example, 

H 

is present in ^aflddehydes as ll— 0 = 0, (bfketones as >C=0, (c) 

acids as K — C = 0, and (djr^mides as K — C = 0, where E is an alkyl 
OPI 

radic^|/|[for aliphatic compounds). 


)merism> — ^Tlie same molecular formula may stand for different 
^ganic compounds. Thus the formula CaHgO represents both ethyl 
alcohol and dimethyl ether. ^When two bl* IfiSre different compounds 
have the same molecular formula but differ in chemical and physical 
properties, they are said to be isomers of one another, and the pheno- 
menon is known as isomerism ; J The isomers differ in s tructu re or 
consrtiti^ion, i.e., in the arrangement of atoms within the molecule. 
The structural formulae of ethyl alcohol and dimethyl ether will make 
this clear : 


H H 

I I 


H— C— C— 0— H 


H 


H 

I 


H— C— 0-~C— H 


H H H H 

Ethyl alcohol, CHjCHjOH Dimethyl ether, CHa-O-CTl, 

The structural formula attempts' to sh^w the manner in which the radicals 
are combined in an organic compound. 

Divisions of organic chemisti^ — There are three main divisions : the ali- 
phatic, the aromatic, and the he ter& yctic compounds, • — 

The aliphatic compounds mostly contain openchain of carbon at(ynis, and are, 
therefore, called open chain or acyclic, compounds. They got their name aliphatic 
from the fact that natural fats belong to this class. Methane, ethylene, 
CHa = CH3, acetylene, CH=CH, ethyl alcohol, CHj — CHjOH, acetic acid, 
CH3.COOH, etc., are «*iliphatic compounds. 

'^/^he aromatic compounds are closed chain or carbocyclic compounds, and 
contain one or more six -carbon -atom benzene rings. The benzene ring is 



} 

or briefly 



1 


•sJChey are all related to the simplest aromatic compound benzene, C,Hj, and 
many of them have sweet aroma or smell, and hence the name. 


i 

Naphthalene, 

and anthracene, 

are aromatic compounds. 

CH 

CH CH 

CH CH CH 

HC/\CH 

HC CH 


hcI^Jch 



CH 

CH CH 

CH CH CH 

Benzene, G«He 

Naphthalene, C 

j,Hg Anthracene, C„H,a 


' iLHctterocyclic compounds are also cyclic compounds, but the rings are not 
' entity carbocyclic (as in aromatic compounds) but contain atoms of elementa 
•#rbon,^e.g.. 
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CH 

CH-CH 

II U 

CH— CH 

0 II 

CH— CH 

1! II 

Cl^CH 

CH CH 

CH CH 

CH CH 

n 1 

\o/ . 

Furan 

\s/ 

Thiopftene 

\/ 

NH 

Pyrrole 

CH CH 

N 


Pyridine 


There is a group of carbocycJic or ring compounds which resemble aliphatic com- 
pounds in many ways ; they are known as alicydic (aliphatic cyclic) compounds. 
The naphthenes, also called cycloparaffins or ^olymethylenes, are alicyclio 
compounds^ c.g. 


CU, 

CfOcH, 

Cyclopropane 


CH,— CH, 

CH,— IjH, / 
Cyclobutane 


^CH,— CH, 

xUh. 

Cyclopentane 


CH, CH, 

\CH,— CH,/ y' 
Cyclohexane 


I Organic compounds 1 

Open chaiii; aliphatic Closed chain, or 

compounds, e.g. methane. cyclic compounds 


Homocyclic or carbo- Htfterocyclic compounds, 

^ cyclic t\>mpounds j o.g., pyridine. ' ■ 

Aromatic compounds, Alicydic compounds 

e.g., benzene. e.g., cyclopropane. 

¥ .L . A I • I 


n 


ALIPHATIC COMPOUNDS 


Paraffins 


Paraffins. — llie paraffins, also called alkanes, are saturated 
hydrocarbons (i.e. compounds composed of carbon and hydrogen only) 
— they form a homologous series of the general formula 
They are characteristically inert and hence the name 'paraffin' hydro- 
carbons (Latin, parum affinis, little affinity). 


Paraffin , B.p. 


Methane. CH, -164o 

Ethane, C,H, -90® 

Propane^ C,H, —38® 

Butane, +1® 


"Paraffin 


B.p. 

Pcintane, C^H,, 

9 

36® 

Hexane, C.H,* 


60® 

Heptane, C,lt)K 


08® 

Octane, C,H,8 
etc., etc. 


125® 


The lower paraffins up to and includng butane are gases, the members from 
pentane to pentadecahe are volatile liquids, and the still higher members . 

of the series are solids. 

Methane, CH^, is a one carbon atom paraffin in which the. 
valencies of carbon are fully satisfied by hydrogen. The carbon afoma 
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of a paraffin are all linked to one another by single bonds^ foi’ming 
an open chain of carbon atoms (straight or branched), e.g., 


I I I I 

_c— c— c— c— 

I I I I 

Straight chain 


I I I 

C— C— 

Mi. 

Braiiciicd cliain 


— the unused valencies of the carbon skeleton are fully satisfied by 
hydrogen, producing the saturated hydrocarbons (p. 3). 

The molecular formula of the first three paraffins^ namely 
methane, ethane, and propane, do not admit of more than one 
arrangement, and consequently they have no isomer. 

CH, CH,— CH, Cn,~CH,-CH, 

Methane Ethane Propane 

But butane and other higher par.'iffins exhibit the plicnomenon of structural 
isomerism. Thus, the formula represents two isomeric paraffins, normal 

butane, b.p.+l°, and isobutane, b.p. — 17®. 

CH, 

CH 3 — CHj -CIIjj — CH, (n-biitane) CH, — CH -CIl, (isn-bulane) 

There are three possible structures for pentane, C.H.,, and three isomers exist. 

CH, 


CH, (^H, 

' Normal pentane, b.p. 

CH3 

I 

CH.— C— CH. 


(Ur,-CH,-CH -CH, 
Isopentane, b.p. 30®. 


Neopentane, b.p. lO*^. 


The number of possible isomers increases \cry rapidly witii the increase of 
carbon atoms and there are as manv as 75 alternative structures for dccane 

>*i^efliaae« also called marsh gas^ CIT^ is the first member of the 
paraffin hydrocarbons. For its preparation, etc., see ]>. 330. 

occurs in natural gas from petroleum wells, and 
also in coal gas. (^ The par all in next t o m ethane is ethane and m ay be 
obtaine d by similar metHq^TJ* 

By heating sodium propionate, CHaCPr^CyOONa, with soda 
lime : , 

ClI^Cl[j,CO()Na + NaOJI = Cri 3 -GK 3 + Na,C 03 
•fn) By reducing "ethyl iodide with nascent hydrogen from zinc- 
copper (or aluminium-mercury) couple and alcohol. 

+ 211 - C3H, +111 

GrignyJs re action, — Ethyl iodide reacts with magnesium 
in dry ether metlium,^ <01*HfIlWg ethyl magnesium iodide, which is 
decomposed by water, 'giving ethane; C^Hgl + Mg = CaH^Mgl 
C,H,MgI + H.OH = + Mg(OH)I 
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b 200-250”. 


(iv) Wakr acts ou zinc ethyl, yielding ethane. 

Zii(C,H,)3 + 2II.OH = 2Cai, + Zn(OH)^ 

Ethane is also obtained: (a) bif liydro(jenatioti of ethylene by 
passing a mixture of ethylene and hydrogen over finely divided ^lickel 
at 200-250”. ^ (Sabetiei* auJl Sanderens metliod). 

CH. = + CH3 -cir3 

^ ^ Wurtz reaction by the action of tliin slices of metallic 

sodium upon methyl iodide (or bromide) in dry ether solution. 

Cn3l+2Na4-CH3l CH3-(7l3 + 2VaI 
(e) By the action of zinc upon metliyl iodide. 

2CH3l + Zu-> Cl{,-Cli, + ZuJ., 

Higher paraffins can thus be prepared by joining two alkyl groups 
by Wurtz reaction in which metallic sodium acts on an alkyl halide 
(or a mixture of 2 halides), usually a bromide or iodide, in dry ether 
solution. When a single alkyl halide is employed, a higher paraffin 
containing an eeefi number of carbo n atoms (which is double the 
carhon aiomS otllie alk^ halide j resufts, eg., ethyl iodide, C3H3T, gives 
normal butane, Cjlljo, by Wurtz reaction *. 


<^ir3-CH.,f -f2Na. + CH3-(^HJ— ^ 

\ - 

When, howevfer, two different 


( ' l,,.(^ II 3-( ; I £3 (n-butanc) + 2Nat . 

two different alkyl halides are used, a mixture of 
three naraffins is obtained, which is often difficult to separate. This 
limits the use of Wurtz/ reaction. ^ mixturc^of methyl iodide and 
ethyl iodide, for example, produce eflianiT, propane and "butane by the 
Wlirtz reactiorii 

Cufl + 2Na + Cnj^CR,-Cll, (ethane) + 2NaT 
CH3T + 2Na+C3H3l — ^Oirg-CIIj-CIIg (propane) 4 2Nal 


C3TLT.f-2Na + C3HJ-~>.CH3-(Uf3-(’ir3-(^.Fr^ (butane) -f 2NaT. 



' ' Kolbe ^s synthesis , — Electrolysis of an atpicous solution of 
sodium for potassium) acetate liberates ethane and CO3 at the anode, 
and caustic soda and hydrogen are formed at the cathode. 


Gir3(^OONa^=:^CH3CO()“+Na"*' (in solution). % 

2CH3C00--2c = CH3~CH3 + 2C03 (at anode). | 
liNa++2e + 2H:20 = iNaOH+Ha ^at cathode). 1 
The above^sj?nthesis of ethane illustrate general methodi of prepara- 
tion of paraffins. • 

Ethane is a colourless gas (b.p. -89”), praetically insoluble in 
water and slightly soluble in alcohol. It is very similar to methane in 
chemical properties. It is inflammable and burns with a feebly lumi- 
nous flame and can be exploded with oxygen or air. 

2C3H3V7O3 = 4CO3+6H3O 

It is a saturated hydrocarbon like methane, and cannot combine 
directly with chlorine or bromine. But like methane, it reacts with 
chlorine or bromine, giving a mixture of substitution products, the 
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hydrogens atom being replaced by chlorine or bromine in stages — the 
final products are CaCl^ and CaBr^. 

C,H,->C2H5Cl->C,H,Cl2- C,H 3 Cl 3 and so on. 

A resume of the methods of preparation of pajraffins. — The starting materials. 
are usually alcohols and acids : (i) From aZco/to/s.— The alcohol is converted into 
an alkyl halide, usually a bromide (or iodide) by the action of red P and bromine 
(or iodine), e.g, 3C,H,OH + P 4-31 — > (ethyl iodide) + H3PO3. 

The alkyl iodide is then converted into a paraffin : 

(a) by reduction with nascent hydrogen : CaH,! + 2H = CaH^ + HI. 

(b) by Grignard reaction : OaH,! + Mg = CjH.Mgl. 

CaH^Mgl + H.OH := CaH. + Mg(OH)I. 

(c) by Wurtz reaction : 2CH3I + 2Na - CaH,, + 2NaI. 

Besides, the alcohol may be dehydrated to an oleiino by passing over heated' 
alumina. The olefine is then reduced to a paraffin by catalytic hydrogenation. 

CHa.CHaOH (ethyl alcohol) CHa = C Ha -f H3O 

CHa = CHa + Ha — > CH3-CH3. 

(ii) From fatty adds. — (a) by decarboxylation of the sodium salt of the fatty? 
acid by heating with soda lime : CH,->-COONa + H.ONa — y CH^ + NaaCOa. 

(b) by Kolbe's electrolytic method by electrolysis of a solution of sodium 
(or potassium) salt of the acid, e.g., sodium acetate on electrolysis gives ethane 
(p. 9). When a mixture of two different salts is electrolysed, a mixture of' 
tnree hydrocarbons is obtained. A mixture of sodium ayietato and propionate on 
electrolysis gl ves ethane, CaH., propane, C3H3, and butaiic, 0^11,0. 

CHa.COONa CHa.COO' + Na+ 

CHa-CH-i-COONa (sodium propionate) CHa-CHa-COO*' + Na+ 

At anode : 2CH3COO'— 2e = CaH^ (ethane) + 200^ 

2CHa.CUa-COO'-2e = (butane) + 200^ 

CHaCOO' + OHa-CHaCOO' 2e = CaH, (propane) + 2rOa. 

At cathode : 2Na+ -f- 2c + 2H2O -- 2NaOH + 

"^Petroleum. — Petroleum (Latin, rock ; oleum ^ oil ; literally 

means *rock oiV) or mineral oil is the chief natural source of the para- 
ffin hydrocarbons. The more important oil deposits occur in the 
U.S A., Mexico, Venezuela, U.S.S.K., Eumania, Iraq, Tran and 
Saudi Arabia. Small quantities are also found in Burma, and in Digboi 
in Assam. Recently a new oil field has been discovered in Nahorkatia 
in Assam. The crude petroleum is essentially a mixture of gaseous, 
liquid and solid hydrocarbons. The composition of oil from different 
oil fields may vary greatly but it always contains some of the paraffin 
hydrocarbons.* The American oil consists chiefly of the pajraffins. The 
oil beds generally lie at some distance, sometimes 1000-5000 ft., 
below the surface. The oil is raised by boring down to the oil-bearing 
strata and then pumping. Very often there is accumulation of natural 
gas under pressure in the oil field. The gas escapes during drilling or* 
sometimes from a natural fissure. The * eternal fire of Bakii* which 
attracted the fire-worshippers as early as 6(X) B.C., was due to the 
burning of natural gas from the oil fields.' The natural gas contains 
gaseous paraffins, mainly methane. It may be used as a fuel. 

The crude petroleum is a dark-brown viscous liquid. The crude 
oil is usually carried by iron pipe lines, some of which are 1700 miles. 
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long, to the sea-coast, and there fractionally distilled to separate 
the more volatile from the less volatile constituents. (^Several commer- 
cially important fractions are collected. The lowest boiling fraction is 
pej TOleum et her (b, p. 40° — 70°) and is used as a solvent for extraction 
of fats and oils, and in dry cleaning. Peti^ol or^gasoline (b. p. 7^°-120°) 
is a motor fuel. Benzine (b.p. 120° — 1/50°) comes next, and is used 
as a solvent and also in dry cleaning. Kerosene (b.p. 160° — 300°) is the 
•next fraction and is the burning oil. The residual oil (m.p. above 300°) 
is the crude oil or heavy oil. It is used as a fuel oil. Steam ships and 
locomotives are often run with crude oil. Certain petroleum also gives 
Inbn^ingoO, and pan|^wax (m.p. 46-66°) and vaseline (a lubri- 
cant"and an ointment). Paraffin wax is used in making candles. The 
residue left in the still after distillation is the pitch. Pitch is \ised in 
road-making. Petroleum is the starting point for the preparation of 
many organic chemicals such as alcohol, acetone, glycerine, synthetic 
rubber and plastics^ 


The kerosene oil for use in lamps should be free from too volatile 
paraffins, as shown by determination of iig * flash poinj \ otherwise 
serious explosions are likely to occur, ^he flash point of the oil is a 
measure of its inflammability. ) 


^Cracking.— There is a heavy demand for petrol for use as motor 
spirit. Th4 demand is met by ‘cracking’ the heavy oil fraction of 
petroleum distillation. The heavy oil is a mixture of large hydrocarbon 
molecules of high boiling points.* In this process the heavy oil is., 
passed under pressure through a heated tube, often pjicked with a " 
catalyst, when the large hydrocarbon molecuh^s undergo thermal 
decomposition, producing a mixture of simpler molocules of low boil- 
ing points, which is used as petrol or gasoline. Many useful gases, 
e.g., ethylene, propylene, etc., are also formed during cracking. 


Motor fuel from coal. — Tho production of synthetic liquid fuels, resembling 
petroleum, from coaJ is important in countries like India which do not possess 
large petroleum deposits. This is achieved by hydrogen/ition or liquefaction of 
coal by Bergius process. In this process ccal dust is made into a paste 'with 
heavy oil and iron oxide catalyst and heated to 400-450®, and hydrogen is forced 
in under a pressure of 200 atmospheres, when the coal liquefies to a petroleum- 
like product. The product is distilled to give motor spirii. (synthetic petrol), 
lubricating oil, and fuel oil. Motor fpel (synthetic nctrol) is also made by 
Fischer-Tropsch process by passing a mixture of H, and* CO (which may be made 
by passing steam over heated coke or coal) in tho ratio of ^ :1 over a cobalt 
catalyst containing thoria as promoter) at 200® under a pressure of 6-15 
atmospheres. 

Low temperature carbonisation of coal yields a ta; which is rich in paraffin 
hydrocarbons. The low temperature tar on distillation also gives motor'spirit. 

The fossil fuels (coal and petroleum) in various forms are by far the most 
important sources of power. They two alone meet the major demand of our 
power requirements : coal and petroleum 80% ; wood, cowdung, and agricultural 
and forest products 16% ; hydro-electric power 1% ; the rest comes from mis- 
cellaneous sources, e.g., human and animal labour. Bui the fossil fuels will be 
exhausted within few generations. Hydro-electric power is a possible source. 
Hut it is available in certain regions only. Power from atomic fission is the ojnly 
hope for the future. Power, therefore, poses a big industrial problem. 



Ill 

UNSATURATED HYDROCARBONS 


{The iinsatiirated hydrocarbons contain less hydrogen atoms than 
the parafiins with the same number of carbon^ atoms. There are not, 
therefore, enough hydrogen atoms in an unsaturated hydrocarbon to 
satisfy all the valencies of the carbon atoms. ^Chese hydrocarbons 
have the unique property of combining with other elements, e.g., 
chlorine and bromine, forming additive compounds^ and are, there- 
fore, called unaaturated hydrocarbons. The paraffins do not have this 
property and are called saturated hydrocarbons. In contrast to the 
paraffins, the unsaturated hydrocarbons are highly reactive. 

There are two important series of unsaturated hydrocarbons : 
(i) t he olefin es, and (ii) the acefiilenes. 

Olefines.— T/ic olefines^ also called alkenes, form a homologous 
series of unsaturated hydrocarbons of the geii^al formula C^llon 
paraffins 2). (^I^hey contain ti0> hydrogen atoms less than the 

corresponding paraffin, and possess a double bond, also called olefinic 
Hnkaye between the two adjacent carbon atoms, e.g., 

The first member of the series ethylnene, contains 2 hydrogen 

atoms less than required to saturate the valencies of the 2" carbon 
atoms, and this is true of propylene, Cgtlg, butylene, C,H^, and 
th(‘ others. 


Olefine (alkonc) 


Coire.sponding paraffin (alkane) 


Ethylene, C3H, 
Propylene, C3II, 


OHj-CH = (;r 


Ethane, C3H., 
Propane, 




There is no one carbon member olefine corresponding to methane. The name 
of an olehne is derived from the corresponding paraffin by adding the lerminalion 
yhne or ene for ane. 


\AlCe important reactions of olefines are : %»)^^dition reactions. — 

The olefines readily form additiv e compounds — the double bond ‘opens 
up' and the reagent such as bromine, etc., adds on the two active 
valencies : 


CH2-CH,-> [Gdl^— Cll2] + Br.,-^CH.,—ClI. (ethvlene dibromide) 

I I " I " I " ‘ •» 


The olefines readilv react with: 

•i 

(a) Hidogens. — Halogens add to the double bond to give a vjcinal- 
dihalide such as ethylene dibromide, CHjHr — CH,Br, as shown above. 

Chlorine readily adds to a double bond , bromine is less reactive, but iodine 
does not add at all at ordinary temperature. Thus, ethylene readily adds 
chlorine or bromine, but not iodine. 

The addition of bromine to a double bond is a general reaction 

is used as a tat for unsaturation. The reaction is carried out with 
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a solution of bromine in cliloi’ofoj’rn oi* carbon tetrahcloride — the (Hs^ 
(‘hargo of red ('olour due to bromine indicates unsaturation. 


>r*^M ^Hydrogen halide s. — Hydrogen halides add to the doijble bond 
‘ilfsuf?h *71 way that the' hydrogen is added to one unsaturated carbon 
atom and the Inilogen to the other, e.g., 


CII2 (’Hj f HI — (ethyl iodide). 


'Fhe order of reactivity of the halides is opposite to that of the corres- 
ponding halogens, namely: J 1 1 > HHr > IIC’l. 

— The addition of reagents like HBr, HI, 
HCK-r and etc., to an nnsyni metrical unsaturatcd hydrocarbon 

such as propylene, (Hr^-CH::-(Mf2, is governed by Markownikoff’s rule, 
i^t states that the halotjci:. atom or acid group (i.r., negative group) 
adds on the carbon atom irliirh /.v linhed to the least number of 
Infdrtigen atoms, e.g.^ 


- rif, I HI (:1J,-(’1I1-(’H,. 

Sulphuric acid. — The olefines add cold concentrated II^SO^ at 
tfie doable bond, ^ing alkyl hxdrogen sulphate — the product on 
hydrolysis gives alcohol: 

(;H2'-rrf2H-IT.Hk),-->(;H3-(^H2-HS(\ (eth^I hydrogen sulphate). 

(;H3-(’H3-'hS(). 4-H.()H (ethyl alcohol) + H^SO,. 

The addition of IToSO^ to pr(?pylene follow Alarkownikoff’s rule: 

(:H3-(TI-(T1.,+h.hso,—> (^ii,.(’H(HSO,)-(:h, 

(:fl,(Ti(lTS(),)-(MI,,-}-H.()n-> (il.,-(Tl(()H)-(:H3 + H2SO. 

Is()[)ro|)\l aIc(^hol 

The net result of the addition of at the double bond and 

the. hgdrohfsis of the produci is the hydration of the double bond to 
give alcohols. The process is industrially important, as olefines, e.g., 
ethylene, profMflenr, etc., are by-products in craching of petroleum . 

Hypochl orous a cid. — Hvpocdilorous acid, HOCl, adds to tha 
'double bond to give ehloiohydrins — hApoehlorous acid acts as^HO-Cl, 
and not as H O(M. 


(^H, + H()-(M — > (^H,,()H-CH,(’l (ethylene chlorohydrin). 

Vf^Hydrogen. — Olefines do not add hyilrogen at the double bond 
in absence’ of afeuitable catalyst. The double bond, is conveniently 
reduc.ed by treating the substance with gaseous liydrogen in presence 
of palladium, platinum black or nickel as catalysts, and the process 
is calleJT cat al yturWydroge nation . 

CH^^r CH2 -f H., — > CH3-CH3 (ethane). 

Platinum and pallacJlnm are effective catalysts b^yen at room tem- 
perature, but nickel requires a temperature in the region cJT^DO^for 
effective hydrogenation. ^ 

Common reducing agents such as sodium and alcohol, metals and acids, sodiuA^ 
amalgam and aluminium amalgam, etc., are without effect on the double bond. 
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' 4 ^ Oxidation. — In contrast to paraffins the olefines are sensitive 

*to the action of oxidising agents. Even a mild oxidising agent like 
cold and dilute alkaline KMnO^ solution oxidises an olefine, giving 
a glycol— the potassium permanganate solution is rapidly decolorised 
and a precipitate of manganese dioxide separates at the same time. 
Baeycr's test (p. 335) for unsaturation is based on the above reaction. 

CH2=OH^H-H30 + 0-> CH.OH-GH^OH (et hylene g lycol) 
3CH2 = CH2 + 2KMnO^ + 3CH3OH-CH3OH + 2KOH + 2Mn02. 

But when the olefine is oxidieed without cooling with alkaline permanganate 
or when it is oxidised with acidified permanganate or dichromate solution, the 
carbon linkage at the double bond gets severed, usually forming one or two mole- 
cules of organic acids, depending upon the position of the double bond — the lone 
carbon atom of a terminal double bond is, however, oxidised to COj. 

CH, = CH,-f6,0 = CO, 4 - 2H,0 + CO, 

CH,-CH = Cn,-f-5,0 := CH^0H+C0,+H,0 
CH 3 CH = CHCH,+4,0 = CH 3 COOH+CH 3 COOH 

By identifying the products of oxidation the position of a double bond can be 
located. 

formation. — ^The action of ozone on olefines is more 
^ selective and is often used for the detection and location of a double 
bond. Ozone combines with olefines, forming ozonides (p. 334), which 
on decomposition with water (a process called ozonolysis) give a mix- 
ture of aldehydes (or ketones) and HgOg — the latter is destroyed by 
mild reducing agent, e.g., zinc and water, as it may oxidise the 
aldehyde to an acid. By identifying the products of ozonolysis the 
position of a double bond is located : * 

CH3CH=CH. + 03 = CH3-CH-O 

i 

o 

CH,-CH— 0— CHj+HjO = Cll,CIIO+HjOs+HCHO 

0 i 


-CH,. 


-0 


inerisatioii. — On© of the outstanding properties of olefines is the 
jpesff WltlP^hlch they undergo polymerimtiori — a process which in a broad 
sense means joining of several molecules to form a large one. Polymerisation 
can bo effected merely by heating, but catalysts such as sulphuric acid and 
boron fluoride, are often used. Ethylene polymerises under a high pressure of 
1000 atmospheres cT-nd at about 200° C to give the well-known 'polythene (or poly- 
ethylene) plastics. 

CH 3 = CH 3 4-CH3 = CH 3 , etc. = (—CH,— CH 3 --Cn 3 ~CH 3 H^ 

laton. — The olefines are generally made : dehydraU 

"mg an aUccwot "by passing its vapour over a heated alumina, e.g., 
propyl-alcohol, CH3CH3CH2OH, gives propylene. 

9H3CH3CH3OH CH3CH= 

by heating an alkyl halide with an alcoholic solution of caustic 
polish, when a molecule of hydrogen halide is eliminated from the 
adjacent carbon atoms, producing a double bond, e.g., propyl iodide, 
gives propylene. 
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, CH 3 CH,CHaI+KOH— >. CH,CH = CII^+KI + IIaO 

Aqueous alkali is unsuitable, as the alkyl halide is insoluble in water. Alcohol 
dissolve the alkyl halide as well as the caustic potash, and henco the use of 
alcoholic potash. Besides, an alkyl lialide is hydrolysed to an alcohol by aqueous 
alkali. • 


CH3CII3I + KOII (aqueous) CH3CH3OH + KI 

^30113! 4- KOH (alcoholic) CH^^CHa + KI + HaO 

by heating a vicinoX-dihalidc in whicR the two halogen atoms 
are on adjacent carbon atoms (and hence in the same vicinity and so 
the name vicinal-dihalide) by zinc dust. 

CH^Br-CH^Br + Zii CH^ - CIT^ + ZnBr^ 

The methods are in general available for the introduction of a 
double bond in organic compounds. 

Ethylene, C^H^, is the first member of the olefine series. For its 
preparation, etc., see page 33^ 


' TIm a^ttyl^nee 

The acetylenes, also called alkynes or alkines, form a family of 
unsaturated hydrocarbons of the formula ^The simplest and 

the most important \m«iHber is acetylene, O2H3. It contains 2 
hydrogen atoms less than ethylene, and bears the same relation 

to ethylene, as cthylne does to ethane, O3H3. ^ 

The acetylenes are named by changing the ending ane of paraffins to yne 
or inc. Thus : 


CII3-CH3 CH3-CH3 CH=CH 

Ethane Ethylene (ethene) Acetylene (ethine) 

The acetylenes contain a triple bond between adjacent carbon 
atoms, and are more unsatiirated than the olefines. The acetylenes 
are usually obtained : heating a yininal-dihalide with alcoholic 

potash, e.g., CHaBr-CHaBr+KOH-^ Cn3 = CHBr+KBr+H30 


CH3 - CHBr + KOH CH = CH + KBr + H^O 

^^icmaZ-dihalides are readily obtained by the addition of halogens 
to olefines, e.g., CH3=CH2+Br3 — ^-CH^Br — CH^Br // 

heating gem^-dihalides (in;which the 2 halogen atoms are 
on the sam^ carbon atom, and hence a twinned or gem-dihalide) with 
an alcoholic solution of caustic potash, e.g., ethyliddne chloride. 


CH3-CHCI3, 


gives acetylene: 


CH, - CHCI3 + KOH CH2= CHGl + KCl+H^O 

CH2 = CHCl4-KOH-> CH=Cn + KCl+H20 

alkylation of acetylene. — ^The hydrogen atom attached to a triply 
atom, as in CH=GH and CH^.C—CH, has an acidic character, ^nd 
is readily replaced by metals. Thus, sodium acetylide, CH=CNa, is form^ by 
tho action of acetylene on a solution of sodium in liquid ammonia or by passing 
the gas into molten sodium at 180^. Bisodium, acetylide, GNa=CNa, can be 
similarly obtained. 2GH=GH + 2Na — ^ 2GH=GNa + H,. 

The sodium acetylide reacts with methyl iodide, GH,I, to give methyl 
acetylene, GHj|'-G=GH. ^ 


VrtiTby 

bound carbon 
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CH=CXa + CH3I CH,CSCH + Nal. 

Similarly, C\{,-C=C}i + Na — ^ CH^-C-C-Na + H 
- CH,-C=C-Na + OH3I GU. C^C-CU, + Nal. 

Important reactions of acetylenes are :>to ^dition — The 

acetylenes form (idditivc rompoiindH (p. 63(5) ITke olefines, but being^ 
more unsaturated, they enter into addition reactions more readily. 
The 1‘eaction takes place in two stages — an olefine being formed at the 
intermediate stag-^ : (.Tl = ('ll f (ethylene) 

( 'H2 - C 4 1 , + 1 1, — > CUI3 - (iri7Tt*thune) 

The second addition of sul)stan(*es like HHi‘ and HI, etc., follow 
"Jdarkon'nikoff’s rule. 

('TI=CT1 + Hi— X'H.-C'Hl ^viinl iodide) 

('lh--(;HI+Hl (et^lidene iodide) 

^5^ yffl llydration* - -Unlike the olehnes which can be hydralot only 
by the indu’ectinethod of adding at the double bond aru then 

hulrolysing the product (p. 13), the arelijlrnes ran he dirreth/ 

Injdratcd in preseiuje of rnei’curic sulphate catalyst in hot dilute sul- 
piiuric acid, e.g., acetyleiu* on hydration gives acetaldehyde, (.’H3-CH() 
— the initial proiluct being unstable viiul alcohol, C'H^ — CllOH, which 
is at once changed iiito actdaldehvde : i. 


CHezITUH.OH 


I 


:('II()H 


/ir 

CH,- -C-O 


Mctliyl acetylene, = (/H , on hyalration gives i i (clo ne, (!H j-CO-t'IH, 

(he initial addilinn follows Markowiiikoft’s rule : 

0 


_4'H,-C=( FI -h H.OIl— > |(‘ll, r(OH) 

Viiy^ Acetylide s,- - H n 1 i la ^ the paraflins and r)lefirfes, the liM-dogeii 
'In acetylene, (-Il^tdl, and the members of acetylene' scries, such as 
OH^-C'— (TI, which rnnfdin. fhr tirouphuj — C = CH, is readily replaced 
by rnotals, giving ine.tallic d(*rivalives, called aert j/Jidru. Thus when 
shaken with ‘unnioniac'al cuprous chloride or silver nitrate solution, 
acetylene gives a pieeipitalc* of cuprous or silver acetvlide (p. 337). 

H(’ = (TI fj('u(:i~>(’nr = ('(:u i 2HCi 
nCi=CH f2AgXO.^-^ Ag(' = ('Ag + 2HN()3 
The aeetvlides vegenei ate acetylene on treatment with dilute acids. 
AgC = rAg ^ 2IINO3 Hr-(Tr i 2yVgN03 
The. acetylinic hydrocarbons whicli do not contain the unit h? 30H, 
sucli as (^“('ITg, do not form aeetvlides. The reaction is 

specific to hydrocarbons containing arctijlinic hydrogen, (ive., the 
unit=rH), and hence can be used as a test for the recognition of 
compnimds containing the unit =(111. 

\iiAjt*^olymerisation. — Acetylene can be polvmcrised to benzene by the applica- 
of heat (p. 337). By absorption of acetylene in a solution of cuprous chloride 
and ammonium cliloride in hydrochloric acid, the dimer vinyl acetylene is 
obtained — a key intermediate for making the synthetic rubber, nr.oprene. 

CH=0H + CH=CH CH3 = CH— r=nH (vinyl acetylene). 
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Acetytene, — Acetylene is the simplest and the most 

important member of the series of alkines. For its preparation etc., 
see page 335. It is a cheap raw material for the industrial synthesis 
of important organic compounds. • 

Detection of unsaturation. — ^The presence of unsaturation in an 
nusaturated hydrocarbon is readily detected by its decolorisation of 
(i) bromine water or (ii) cold dilute alkaline, potassium permanganate 
solution {Baijefs test). 


IV 

HALOGEN DERIVATIVES OF PARAFFINS 


Monohalogen derivatives. — The monohalogen derivative of a 
parairin (i.e., a paraffin in which one of the hydrogen atoms is replaced 
by a halogen) is called an alkyl halide. It has the general formula 
whore X is a halogen atom, e.g., Cl, Br and 1, and 
Cnir^jj+ian alkyl group. The alkyl group is monovalent and contains 
(jiie hydrogen atom less than a paraffin. • 

'File alkyl iialido takfes its name from tho corresponding paraffin, the ending 
-a/m being replaced by -yl. 'I’he following will make this clear. 


Parajfn , 

Methane 
Ethane CoH,, 
Propane 
Alkane PU 


fjrou'p Cn^n+i 
Methyl group 
Ethyl „ C,fl, 

I'l'opyl „ •'jH, 

Alkyl ,, R 


.iU'yl hulide CnH,n+iX 
Melhyl chloride CIT.Cl 
Ethyl bromide CjIIgBr 
Propyl iodide 0,11,1 
Alkyl halide RX 


Methods of preparation. — (i) By direct halogenation of paraffins. 

Alkyl chloride or bromide is formed by the riirect action of chlorine or 
bromine upon a paraffin in presence of sunlight (i.e., by substitution) 
— the result is invariably a mixture of substitution products, of which 
the simplest is the alkyl chloride or bromide. Thus, the action of 
chlorine on methane gives a mixture of substitution products, CH 3 CI, 
CH.CL, CHCI 3 and CCl^ (p. 332). 

'Che method, is, therefore, scldoid used for the preparation of alkyl 
halides. Iodine oan be directly substituted into a paraffin only in 
presenae^of iodic acid, HIO^, or mercvric oxide, HgO, which oxidises 
the HI formed back into iodine, otherwise the HI would reduce the 
alkyl iodide into the original paraffin. CH4 + Ia«^=^ CH3I+HI. 

(ii) By passing HCl, HBr or HI gas into hot idcohol in presence, of 
dehydrating agent, such as anhydrous zinc chloride, e.g., 
C^H^OBt+HCl ^ C3H3CI+H3O 

The reaction is reversible. The presence of zinc chloride prevents the 
hack reaction by absorbing the water formed. 

Alternatively, the alcohol may he heated with a potassium halide and excess 
-of cone, HjSO^, e.g., 

TI— 2 
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O.H.OH + KBr + H,SO. = C,H,Br+KHSO.+H.O 
The excess sulphuric acid removes the water formed. 

(iii) By llie actioii of lialogen acids, e.g., HI, HBr, etc., upon an 
olefine t CH^= CHj,+HI -> CH 3 -CH,I 

(iv) By the action of phosphorus halides upon an alcohol : 

3CaH30HH.PCl3 = SC^H.Cl + H^PO^ 

c^H^OH+Pci:, = cyi5Ci+poci3+Hci 

To obtain an alkyl bromide or iodide, it is convenient to prepare 
the phosphorus halide in situ^ by treating the alcohol with red phos- 
phorus and bromine (or iodine). The PB.r 3 or PI, first formed reacts 
• with the alcohol : 2P-f SBr^ = 2 PB.r 3 ; 2 P + 3 T 2 2 PI 3 

3C3H30H+PBr3 SC^H^Bi •+ H 3 PO 3 

3C2H3OH + PI3 - H3PO3 

Alkyl chlorides may be conveniently made, using thionyl chloride, 
SOCI 3 e.g. , C 2 H 3 OH -f SOCI 3 - C^H-Cl -f SO 2 4 HCl 

4 ^\3^panition of ethyl bromide. — 10 gm. of red phosphorus and 70 c.c. 
<of anhydrous ethyl alcohol are taken in a distilliTjg flask (fig. 1) fitted 
with a tap funnel and attached to a condenser and receiver. The 
leceivcr is connected to a sodalime tower for absorbing HBr fumes. 
20 c.c. of broipine is slowly run in from the tap funnel, wdiile cooling 
the flask in water. The flask is allowed to stand for some hours, ami 
the tap-funnel is replaced by a thermometer, and then its contents 



distilled from a waterbath until oily drops cease to collect in the 
reeciver. The distillate up to 60° is collected. It contains ethyl 
bromide. It is shaken several times with.' sodium carbonate solution 
to remove the alcohol (which dissolves in water) and hydrobromic acid 
(whioh^ is neutralised by sodium carbonate). The liquid separates into 
two layers — the lower insoluble layer of ethyl bromide is run out. It 
is wailhed with water (to remove the excess sodium carbonated and 
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then dried over anhydrous calcium chloride and re-distilled. The 
distillate between 35-40° is collected. 

, Ethyl iodide, CjHjI, is similarly made as above, using iodine in piaco of 
bromine. • 

Alternately, 50 c.c. of ethyl alcohol and 25 c.c. cone. H^SO^ are mixed 
together in a distilling flask, and then 50 gms of KBr are added to the cold 
mixture. The flask is fitted with a condenser and an adapter which dips in 
some water in a receiver (p. 49). The receiver is* cooled in ice-water. The 
mixture is distilled from a sand bath until oily drops cease to collect in the 
receiver. The ethyl bromide is purifled as above. 

Ethyl iodide can be similarly made, using KI in place of KBr. 

Methyl bromide, ("HjBr, and methyl iodide, CHjI, are made by the methods 
used for the ethyl compounds, using methyl alcohol in place of ethyl alcohol. 

Preparation of elhyl chloride. — Dry HCi gas is passed into anhydrous ethyl 
alcohol (containing half its weight of anhydrous zinc chloride) taken in a flask 
fitted with a reflux condenser. When the alcohol is saturated with the hydrogen 
chloride, the flask is gently warmed on a water bath — ethyl chloride (a gas, 
b.p. 12’5®) with some alcohol and HCI, passes off. It is bubbled through two 
wash-bottles containing aqueoua alkali and cone. H^SO^ respectively, which 
removes HCI, alcohol and moisture. The ethyl chloride is then condensed and 
collef'ted in a receiver cooled in a freezing mixture. 

Methyl chloride, CH.,C1, is similarly made, using methyl alcohol in place 
of ethyl alcohol. • 

Properties 6f alkyl halides. — ^Physical properties. — The monohalogen 
derivatives of paraffins are called alkyl halides. Most of the lower alkyl 
halides are colourless, pleasant-smelli rfg liquids — some are* gases. They 
are nearly all heavier than water, in w'hioh they are insoluble. They 
are soluble in alcohol and ether. Their boiling points in any series 
uniformly rise from the chloride to iodide, as the following data show : 



d. at 0° 

b.p. 

d. at 0° 

b.p. 

Methyl chloride 

— 

— ^24® Ethyl chloride 

0*921 

12*5® 

Methyl bromide 

1*73 

+4*5° Ethyl bromide 

1*47 

38*5° 

Methyl iodide 

2-33 

43° Ethyl iodide 

1*97 

72*0® 


Ethyl chloride is used as a local anaesthetic in dentistry, etc., and 
also as a refrigerant. Methyl chloride can be put to similar uses. 
Ethyl chloride is used for the preparation of lead tetraethyl. Methyl 
bromide ia stored in the liquid state in aeroplanes for use as a fire 
extinguisher. , 

Chemical properties. — ^The alkyl halides are very reagtive chemi- 
cally in as much as the halogen atom can be readily replaced by other 
atoms or groups. Their reactivity increases from chloride via bromide, 
to iodide. They closely resemble each other in cbomical behaviour. 
Their important reactions are shown below. 

Synflietic uses of alkyl halides. — (i) Reduction with nascent 
hydrogen gives a paraffin: C 2 H,jI-f 2 H — ' Cgllg (ethane) + HI. 

The nascent hydrogen is 'formed by the action of alcohol on zinc- 
copper or aluminium-mercury couple. 

(h) Reaction with metallic ' sodium gives higher paraffins.— The 

alkyl halide is dissolved in dry ether and sodium is added in thin slices. 
This is Wurtz reaction. 
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OH 3 I + 2 Na + CH 3 I — CIT 3 -CH 3 (ethane) + 2NaI 

C 2 H.Br 4 - 2Na 4 - (butane) 4 - 2NaBr 

(iii) (a) Magnesium combines with alkyl halide in dry ether to 
give magnesium alkyl halide ( Grignard reagent). The Grignard reagent 
is decomposed by water, giving paraffin. J’iiis is Orignard reaction. 

CjilgBr 4 - Mg = C 2 H 3 -Mg.Br (ethyl magnesium bromide) 

C 2 H 3 MgBr 4 H.OH =. C 2 H 3 (ethane) 4 - Mg(OH)Br 
(b) Zinc acts on alkyl halide, giving zinc alkyl which is 
decomposed by water, giving a paraffin. 

2(32H3Br 4 - 2Zn = Zn(C 2 H 3)2 (zinc ethyl) + ZnBr. 

Zn(C2H3)2 + 2H.OH = 2 C 2 H, 4- Zn(0H)2 

(iv) Hydrolysis with aqueous alkali (NaOH or KOH) or moist 
silver oxide (AgOH) gives alcohols. 

C 2 H 3 l 4 -Ag 01 I = C 3 H 3 OH (ethyl alcohol) 4 - Agl 

(v) Alcoholic potash (i.c., a solution of caustic potash, KOH in 
alcohol) removes^ a molecule of halogen acid from neighbouring carbon 
atoms of alkyl halides, giving olefines. 

CH3~CH2l4-KOH-> CH 2 =CH 2 (ethylene) 4- KI + H 2 O 

Methyl iedide, CH3T, reacts differently; it gives dimethyl ether, 
CH 3 O-CH^, when similarly treated, 

2CHJ 4 - 2K0H->CH3 - O - 0113 4 - 2KI.+ H 2 () 

(vi) Ammonia forms an alkyl amine ; the alkyl halide is heated with 
alcoliolic ammonia in a sealed tube. 

C 2 H 3 T 4 - NH 3 4 - NH 3 CaH.NH, (ethyl aminc) 4 -NHJ 

(vii) Potassium cyanide gives alkyl cyanide or nitrile; the alkyl 
halide is heated with alcoholic potassium cyanide. 

CH 3 CH 2 I 4 - KCN CH 3 CH 2 CN (ethyl cyanide) 4- KI 
The alkyl cyanide on hydrolysis in presence of hot alkali or mineral 
acids, gives an acid. 

CH 3 CH 2 CN 4- 2 H 2 O r. CH 3 CH 2 COOII (propionic acid) 4 - Nil., 

The alkyl cyanide contains one carbon atom more than the original 
alkyl halide Hence it gives a method of lengthening the carbon chain. 

(viii) Silver nitrite gives nitroparaffins : 

C 2 H 3 Br 4 - AgNOa = CaHsNOa (nitro ethane) 4 - AgBr 

(ix) Sodium alcoholate yields ethers: 

CaH^ONa 4- ICaH, CaH, - 0 - CaH 3 4- Nal 

Sodium ethoxide Diethyl ether 

(x) Silver salt of an acid gives esters : 

CHaCOOAg + lOaH, = OH3COOCaH3 + Agl 
Silver acetate Ethyl acetate (an ester) 

Dihalogen derivatives.— Methane forms only one dihalogen derivative of the 
CHaXj, (where X =■ Cl, Br or I)- Thus, only one methylene chloride, 
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bromide or iodide is known, CH/' is known as the methylene radical. Ethylene, 
however, forms two isomeric compounds of the formula (where 

X = Cl, Br or I) according as the two halogen atoms are attached to the same 
or different carbon atoms, e.g., -i 

CH,C 1 CH 3 

in^ci • inci. 

Ethylene chloride Ethylidene chloride 

Ethylene and ethylidene chlorides. — Ethylene chloride or dichloroethane 
(b.p. 84®) is formed by the action of chlorine on ethylene. Ethylidene chloride 
(b.p. 58®) is formed by the action of PCI 5 on acetaldehyde, CHaCHO. 

CH, CH 3 CI 

II + CI 3 — > I ; CH.CHO + PCI, — > CH3CH(1.. + POd. 

CH 3 CH 3 CI . 3 

On hydrolysis with aqueous alkali ethylene chloride gives glycol, 
CH 3 OH — CH 3 OH, whereas ethylidene chloride gives acetaldehyde, and hence 
they may be distinguished. 

GH,C1 rH,OH 

I + 2NaOH I (glveol) + 2NaCl 

(iH.Cl OH,OH 

CH,-CHCt, + 2NaOH — > ^ CH,CHO + H,(). 

Unstable Acehildchvde 

i Trihalogci^erivattycs* — 'I’wo membets of this group, e g., chloroform and 
iodoforpr are/fmijortan( , because of their use in surgery and medicine. 

[iform, tricliloromethanfi, CHCla, is formed when chlorine 
acfs'ori methane in sunlight (p. 532). It is prepared in t^e laboratory 
and also commercially by boiling ethyl alcohol or acetone with bleach- 
ing powder and water. The bleaching powder supplies both chlorine 
and lime for the reaction, 

(i) Alcohol is first oxidised by chlorine to acetaldehyde, CHgCnO. 
The acetaldehyde reacts with more chlorine, giving trichloroacetalde- 
hyde or chloral, CCI3.CIIO. The chloral is decomposed by lime into 
chloroform and calcium formate. 

CH3CH30n (ethyl alcohol) 4* CI3 - CH3CnO + 2HC1 

CH3CHO (acetaldehyde) + = CCI3CITO + 3HC1 

Ca'OH + CCI3.CHO (chloral) = CHCI3 4- HCOOCa' 

calcium formate 

(Here Ca' stands for a half atom of calcium). 

(ii) Acetone reacts with chlorine, giving trichloro acetone, which 
is decomposed by lime, giving chloroform and calcium acetate. 

OH3.CO.CH3 (acetone) f SCl^ - CCl3.CO.CH3 + SHcf 

Ca'OH 4- CCl3.CO.CH3 - CHGI3 4 CIT3COOCa' ’(calcium acetate) 

(Here Ca' stands for a half atom of calcium). 

^*^Pir^aration. — ^Fresh bleaching powder (200 gm.) is ground into a 
paste with water (800 c.c.) and then placed in a two-litre flash flitted 
with a condenser and receiver. 50 c.c. acetone, diluted with 50 c.c. 
water, are then ^ded in small amounts. The flask is then heated on 
a water bath fo(L’ about half an hour. Chloroform distils with some 
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acetone and water, and collects as a heavy oil in the receiver. Distilla- 
tion is continued until no more oily drops pass over. It is purified 
exactly in the same way as ethyl bromide (p. 18). 

Chloroform is also made commercially by reducing carbon tetrachloride, CCh, 
with ir.on and water : CCh -h 2H = CHCla'-f HCl. 

Pure chloroform is made by heating chloral with aqueous caustic 
soda. NaOH + CCI3.CHO (chloral) = CHCI3 + HCOONa 

is a heavy (sp. gr. 1*5 at 15®) colourless 
liquid (b.p. 61°) with a pleasant smell. It is non-inflammable. It is 
insoluble in water, but readily dissolves in alcohol and ether. 

On hydrolysis with hot alcoholic potash, it gives potassium 
formate, HGOOK. HC.CI3 + 4K01I = H.COOK + 3KC1 + 2H3O 

The stages in the )eaction are as follows : 

/n KOH .OH 

H-G-Cl KOH H C-OH H.C - OH -f- H,0 

KOH ^OH Formic acid 

Orthoformic acid 

Tlif^ intermediate compound, orthoformic acid, is unstable, and 
readihj splits off icater^ forming formic acid. 

''(iif) When chloroform is w'a-rmed with Itew drops of aniline, 
Cf^H^jNHj, and alcoholic potash, an extremely nauseating smell is prd- 
duced, owing, to the formation of highly poisonous phenyl carhylamine 
or phenyl isocyanide, CglT^NC. This forms a delicate test for chloro- 
fonn and is known as the ca rhylamine r eaction, 

GJI,NH, ^ CHCI3 +"3KOH Cjr^NC’ + BKCl + BH^O 

— Chloroform is used, usually mixefl with ether, in surgery as an 
anaesthetic — its vapour produces unconsciousness on inhalation. Bui chloroform 
for ansesthetic purpose must be strictly pure. 

In presence of sunlight and air, chloroform slowly decomposes into HCl and 
carbonyl chloride (or phosgene), COCL, which is highly poisonous. 

2 CIICI 3 + O 3 2COC1, + 2HC1 

The presence of products of decomposition may be ascertained by adding 
silver nitrate solution which forms a white precipitate of silver chloride, if GOOl, 
or- HCl is present. Pure chloroform gives no precipitate with silver nitrate 
solution. Chloroform for anaesthetic purposes should be kept in well-stoppered 
bottles of dark blue or brown glass, full to the iieek, with addition of about 
one per cent alcohol (which arrests the decomposition of chloroform). Even then 
it is derisablc.to keep the bottles in the dark. Chloroform is an excellent solvent 
for many oragnic substances ; it dissolves fats, oils, rubber, etc. Chloroform 
combines with acetone, to give chloretane, which is a hypnotic. 

\/ hidotom, CHI3, is an important antiseptic. It is used in anti- 
seplJw surgery as a dressing for wounds. Iodoform is a lemon-yellow 
crystalline solid (m.p. 119°) with a strong unpleasant smell. It readily 
sublimes and hence can be purified by sublimation. It is insoluble in 
water, but dissolves in hot alcohol. It is decomposed by boiling caustic 
soda (or potasli), giving sodium (or potassium) formate : 

. . CHI3 + 4NaOH = HCOONa -h BNal + 
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t'^Vreparation. — ^Iodoform is made from ethyl alcohol or acetone by 
the action of sodium hypoiodite, NaOI, and caustic soda (or iodine and 
caustic soda). But since hypoiodite is unstable, a mixture of Nal and 
sodiurri hypochlorite, NaOCl, is generally used, which react to form 
NaOI in situ. The steps in the reaction are as follows : * 

NaOCl + Nal = NaOI + NaCl 
CH3-CO-CH3 -f 3NaOI = CH3-CO-CI3 -h 3NaOH 

Acetone is iodinated by NaOI to form triodoacetone, CH3 - CO - CI3, 
which is decomposed by alkali, giving ioodform and sodium acetate. 

CH3.CO.CI3 + HONa = CHI3 + CH3COONa 

Alcohol is oxidised to acetaldehyde, CH3CHO, which then reacts 
with NaOI, giving iodal, CI3.CHO. Tie iodal is decomposed by alkali, 
giving iodoform and sodium formate. 

CHg.CH.OH + NaOI = CH3CHO + Nal + H^O 
CH3.CHO + 3NaOI = CI3.CHO + 3Na()H 
NaOH + CI3.CHO = 01113 -fHCOONa 

^^Pfe^ration of iodofonn. — 20 gms. of sodium carbonate are dis- 
solved in 50 c.c. of water, 10 o.c. of ethyl alcohol are poured into the 
solution, and 12 gms.«of iodine added in small portions. The liquid is 
kept at 00-80^. The iodoform may yet hydrolysed if the temperature 
exceeds 80'". When the colour of iodine has almost disappeared, the 
liquid is cooled when iodofonn crystallises out in hexagonal plates. 

Acetone is prc])ai'ed commercially by electrolysis of an al^neous solution of 
j3ot}issium iodide and sodium carbonate in prsence of alcohol or acetone at 
60-65®. Iodoform is obtained at <he anode. The iodine liberated at the anode, 
forms lij/poiotUtn which then acts on alcohol (or acetone), giving iodoform. 

VHtflofonn reaction. — When acetone (or ethyl alcohol) is heated 
with an aqueous solution of hypohalite (NaOCl, NaQBo*, or NaOI) and 
caustic soda, chloroform, bromoform, CHBrg or iodoform, is formed. 
The reaction depends on the combined oxidising and halogenating 
.action of the hypohalite, as illustrated above in the case of iodoform. 
This is known as haloform reaction. Bromoform, CHBr3, is a colour- 
less liquid. 

^bdfbon tetrachloride. CCl,, is made by passing chlorine into carbon disulphide 
in j)resence of metallic iron or iodine as caV*^lyst. 

• CS. + 3('Mj — CCl, + S 3 CL (sulphur monochloride) 

• 

rt is a colourless, unn-inflarninable liquid (b.p. 76'5®) with a sweet smell like 
chloroform. It is heavier than water (sp. gr. 1*60 at 15®) and Ulso insoluble in 
it. It is used as a solvent for extraction of fats and oils. It is a solvent for 
wax and grease. Because of its noridnfiammabiliiy, it is used In dry cleaning 
of clothes] and also as a lire extinguisher (trade name, pyrene) particularly in 
fires in chemical laboratories or in oil fire 8 --the heavy carbon tetrachloride vapour 
hangs as a cloud over the fire and extinguishes it. 

^'W^lorodiiluoro methane, is made from carbon tetrachloride and 

antimony triflnoride. 

3CCh + 2SbF., = 3 CCI 3 F 3 + 2SbCl, 

It is a gas which boils at -30®. It is used as a refrigerant under the name 
treon, as it is non-toxic, non-inflammable and does not corrode metals. 
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Alcohols. — The alcohols may be looked as paraffins in which one 
or more hydrogen atoms are replaced by hyrdoxyl groups, OH. The 
alcohol^ are, therefore, hydroxyl derivatives of paraffins. According to 
the number of OH groups present in the compound, they are called 
tnono-, dz-, tn-, etc., hydric alcohols. Alcohols containing more than 
one OH group, are in general, known as polyhydric alcohols. 

Paraffin Nam a of alruhol Class 

Methane, CH^ Methyl alcohol, CH 3 OH Monohydric alcohol 

Ethane, Ethyl alcohol, CH,CH,OH 

Olvcol, OH^OH.CHoOH Dihydric 

Propane, O 3 H. Olycerol, OH^OH.CHOH.CH.OH Trihydric 

Monohydric alcohols. — They are mono-hydroxy derivatives of 
paraffins. They contain an alkyl group attached to a hydroxyl and 
have the general formula CnHon+jOII. 

They are named from I he corresponding? paraffin by replacinj? the suffix 
-‘fl/ie* by -‘y/’ (or by deleting final and adding the ending ‘ol*). 

Methane, CH^ Afethvl alcohol, methanol, CH,OH 

Ethane, C„H, Elhyl alcohol, ethanol, 0,H,01I 

Propane, CjHg TMopyl alcohol, jiropanol, C.,H,OH 

An alcohol is known as primary, secondary, or tertiary, according 
as it contains a -CH2OH, ~GHOH, or a III C.OH group in the 
molecule. 

Type of alcohol Typical group Example 

Primary alcolioV -CH.OH Methyl alcohol, H.OH.OH 

Ethyl alcohol, Cn,.CH“OH 
Normal propyl alcohol 

Secondary alcohol >'CHOH Isopropyl alcohol or secon- 

dary propvl alcohol, 

\ dH,-CITOII-CH, 

Tertiary alcohol — ^C.OH Terliarv biitvl alcohol, 

/ CH3-C(0H) CH3 


CH3 

In one system of miming, methyl alcohol is given the name carbinol ; other 
alcohols are considered as alkyl derivatives of carbinol. Thus, ethyl alcohol is 
methyl carbinol, n-pro))yl alcohol is ^thyl carbinol, sec-propyl alcohol, dimethyl 
carbingli^ tertiary butyl alcnliol, trimetliyl carbinol, and so on. 

^rimaiy alcohol on oxidation first gives an aldehyde - and then 
add containing the same number of carbon atoms as the alcohol. 

H H 




/H O /OH 
CH3-C=0->CH3-C = 0 
Acetaldehyde Acetic acid 


Ethyl alcohol Not isolated 


A compound contaning two or more OH groups attached to the same carbon* 
atpm, id. usually unstable and readily splits off water. 
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numbers of carbon atoms as the alcohol, and then acids with fewer 
carbon atoms, on further oxidation. 


CH 

CH, 


^cnoH 



CH.V 



/OH 

OH,-C = 0 + C 0 j, + Hj ,0 

Acetic acid 


Sec — propyl alcohol Acetone 

\^^^^rortia]!y alcohol on drastic oxidation gives a mixture of ketones 
and acids, each with fewer carbon atoms than* the alcohoL 


CH3-C(0H)-CH3 ^CH3.C0.CH3 + CH3COOH 

Ter-butyl alcohol + HCOOH + COa-i-naO, etc. 

The three types of alcohols may bo distinguished in this way. 

Methyl alcohol, methanol, carbinol, GH 3 OII, occurs in combina- 
tion in many plants, e.g., oil of wintergrun (methyl salicylate). 

It is made by two methods distillation of wood. — One of 

the products of dry distillation m wood is the aqueous distillate 
pyroligneous acid (p. B19), which consists mainly of about 1% methyl 
alcohols, 5-8% acetic acid and 0.1% acetone. The .pyroligneous acid 
is first neutralised with milk of lime, whereby acetic acid is con- 
verted into calcium ficjetate and then distilled — the methyl alcohol 
together with acetone and some water passes into the distillate and 
calcium acetatfi is left behind as a. residue. Ihc methyl alcohol 
(b.p. 65®) is then separated from most of the acotonn (b.p. 56®) by 
careful fractional distillation. The methyl alcohol may be dried 
by standing over quick lime, followed by redistillation. The last trace 
of water may b^^ removed by distillation over metallic calcium. But 
the methyl alcohol thus prepared invariably contains about 1 — 2 per 
cent acetone. 


The methyl alcohol may be niudo acetone-free by treatment with anhydrous 
calcinm chloride, when the solid compound, GaCJ3.4CH3()H, crystallises out. The 
calcium chloride compound on heating gives pure methyl alcohol which is 
condensed and collected. 

Methyl alcohol is also called wood spirit or wood naphtha, as it is made by 
distillation of wood. 

(ii) by synthetic process. — Synthetic methyl alcohol is produced by passing a 
mixture of purified water gas (a mixture o^ CO and Hj in nearly equal volumes, 
made by passing steam over heated coke) with half its volume of hydrogen under 
a pressure of 200 atmo.spheres over a catalyst of zinc and chromium oxides, heated 
to about 4 d&®. The synthetic methyl alcohol is acetone-free. 

(CO -h H3) + H, = CH.,OH 

Properties. — ^Methyl alcohol is a colourless liqaid (b.p. 64*7®) with 
a wine-like smell and a burning taste. It is miscible with whaler 
(sp. gr. 0*796 at 15®) and ether. It is inflammable and burns with 
a pale blue non-luminous flame. It is definitely poisonous, causing 
blindness and madness, anfl hence its use to denature ethyl alcohol 
(i.e., to make it unfit to drink) in making methylated spirit. Methyl 
alcohol closely resembles ethyl alcohol in chemical properties but it 
differs in its action upon human body. 
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ictlons. -v^ Metallic sodium rapidly attacks methyl alcohol, 
giving sodium methoxide (a white deliquescent solid) and evolving H,. 

2CH3OH + 2 Na = 2CH30Na (sodium methoxide) + Hg 
Sodium methoxide is decomposed by water, giving back the methyl 
alcnhoT. Potassium methoxide, CH3OK, reacts similarly. 

CH 30 Na + H.OH = CH3OII + N^H 
PCJI5 acts on methyl alcohol, giving methyl chloride, POCI3 
and hydrogen^ chloride. • CH3OH+PCI3 = CH3CI + POCI3 + HCI 

^i) reacts with acids in presence of dehydrating agents, e.g., 
cone. Hg HCl gas, etc., to give ester and water. 

With HCl gas in presence of anhydrous ZnCl^, it gives 
methyl chloride. HBr and HI react similarly. 

GH3OH + HCl^CHgCl + H2O 

\f()) With acetic acid in presence of cone. H^SO^ it yields methyl 
acetate, CH3COOH3, and water 
CH^COOH+HOCH,^ -CHgCOOGHg h- H ,0 

IfdJ With concentrated sulphuric acid, it forms methyl hydro- 
gen sulphate and water: 

CHgOH+HgSO^ ^ GFIgllSO. + HgO 

^^v) With red phosphorus and bromine (or *o<line) it gives methyl 
bromide (or iodide); PBrg + 3GH3OH = nCHgBr -f-H3p03. 

Vv) Methyl alcohol is a primary alcohol ; on oxidation it first 
gives formaldehyde, then formic acid, and finally COg and water: 

H.CHgOH + 0 - H.CHO (formaldehyde) + HgO 
H H.CHO -f O - H.GOOII (formic acid) 

H.COOH + O = COg + HgO 

Formaldehyde is prepared by passing a mixture of methyl alcohol vapour and 
air ovejp^copper or silver gauze, heated to about 400®. 

melhy alcohol. — Alethyl alcolujl is used : (i) in making methylated 
spirit, and in the preparation of formaldehyde, various dye intermediates and 
perfumes, (ii) as a solvent for shellacs and resins in the preparation of varnishes, 
(iii) as an anti-freeze in radiators- of motor cars, and (iv) as a motor fuel mixed 
with petroh^-^ 

alcohol, ethanol, GgH^OH, is simply called ‘alcohoP, also 
known as amin alcoh ol o n; spirit^ of wine in commerce. It is usually 
made by fer^eiUa^n of certain sugars, such as glucose and cane 
sugar, by yeast. Thus, when yeast is added to a solution of glucose 
at the room temperature, the liquid shortly begins to forth, giving the 
appearance of boiling. The process is known as fermentation from the 
Latin feroere, to boil. The glucose is decomposed into ethyl alcohol 
and carbon dioxide during fermentation: 

V^y6H^aQ3(gluco ^) = 2GgH3QH + 2GOa ^ 

,Tbe decomposition is effected by ^ certain substance, called 
enzymes, which are produced by yeast during its growth. 

The enzymes are complex organic substances which act as catalysts. Yeast is 
« low of plant life consisting of one cell only. 
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ylFennentatioa/ is, therefore, a process of decomposition of com- 
plex^organjc substances into simpler ones, brought about by enzymes 
(produced by yeast, etc.) which act as catalysts in the process. The 
tcrmont or the enzyme, called zymase, present in yeast cells, converts 
glucose into alcohol and carbon dioxide. The change of gluqpse (or 
fructose) into ethyl alcohol is known as (alcoholic fermentation/ 

Although a living organism yeast is used in the alcoholic fermentation, the 
process is merely a chemical reaction, since the zyma&c extracted by a process in 
which the yeast cells are destroyed, sets in fermentaj;ion like the living yeast. 

The yeast contains several enzymes ; among which are zymase^ 
invertase and maltnsc. Invertase catalyses the decomposition of cane 
sugar hydrolysis into glucose, and fructose, CeHigOe. 

(cano sugar) +H2 O h 

Maltase conveits maltose (a sugar isomeric with cane sugar) into 
two molecules of glucose. 

(rmiltose) + H3O = (glucose) 

Invertase and maltase are thus hydrolytic enzymes. Zymase, as 
already stated, brings about alcoholic fermentation. 

\Maniifacture/ — Kthyl alcohol is made from cheap raw materials: 
(i) moTassesTTn^ materials such as rice, iruiize, potato, etc. 

(i) Molasses is the mother liquor left after crystallisation of cane-’ 
sugar from the conceal trated cane juice. It contains about t50-60 per 
-cent cane sugar. It is available from sugar mills and is an important 
source of alcohol in India and elsewhere. • 

llie molasses is diluted with water to about 10-1*5 per cent sugar, 
and is fermented by adding yeast in slightly acid medium. The yeast 
has a double function upon the cane sugar — the enzyme inve'rtase 
converts it into glucose and fructose, which are then fermented into 
ethyl alcohol under the influence of zymase y as already stated. The 
fermented liquor contains 6 — 12% alcohol. ^J'ho process takes about 
2 days. 

(iii) The starch-containing materials, such as rice and potato, ate 
reduced to a pulp or a paste with water, and then mixed with a little 
malt. Starch is not directly fermentable by yeast, and must, there- 
fore, be first converted into sugar. The enzyme diastase present in 
germinating barley (‘malt’) converts starch into the sugar, maltose t 
612^32^11- The,mixture is kept at about 50® for about 30-60 minutes, 
when mgiftose is formed. 2(CgHjoO,)„ (starch) -f nHgO, == nCjoHgaO,, 
(maltose). , 

The liquid is then cooled to about 25® and mixed with yeast: The 
mixture is kept for 2-3 days, when the maltose fs first converted into 
glucose, which then undergoes alcoholic fermentation, in a manner as 
stated above. 

The weak solution of ^alcohol (6-12%) is then submitted to frac- 
tional distillation in large stills (e.g., Coffey’s still) using a fractionat- 
ing column, whereby a distillate containing about 95'6% alcohol is 
* obtained and is commercially known as rectiOed spirit But absolute 
alcohol, free from water, cannot be made by the above method as a 
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constant boiling mixture of 95-6% alcohol and 4*4%’ water, boiling at 
78*15®, distils over. The absolut e alcoho l is made in two ways: 

(i) The rectihed spirit iTdned over quick lime, and then distilled. 

But it still contains traces of water which may be removed by adding calculated 
amount of Na or Ca, and then re-distilling. 

(ii) The rectified spirit is mixed with a little benzene and distilled. Distilla- 
tioii yields first (a) a mixture of benzene, alcohol and water (b.p. 64*8), then 
(b) a mixture of benzene and alcohol, (b.p. 68*2) and finally (c) a distillate of 
pure anhydrous alcohol (b.p. 78*5). 

The anhydrous alcohol Ss known as absolute alcohol. 

Synthetic ethyl alcohol ^is made from ethylene (whicli is obtained from 
(Tacked petroleum). Ethylene is absorbed in concentrated sulphuric acid, and 
the resulting ethyl hydrogen sulphate. CaH^HSO^, wlien heated with dilute 
sulphuric acid, undergoes hydrolysis, giving ethyl alcohol. 

CH, CH, + H 3 SO, = CH3-CH,.HS0, 

CH 3 -CH,.nSO, H.OH CH^-CH.OH -f H^SO, 

Properties. — Pure ethyl alcohol is a colourless liquid (b.p. 78*5® ; 
sp. gr. 0*790 at 15®) with a pleasanfi vinous smell and a burning taste. 
It is inflammable and burns with a pale blue flame. It is miscible 
witli water with evolution of heat and contraction in volume. The 
alcohol itself is very hygroscopic. It is also miscible with ether. It 
freezes at — 114® apd hence its use in alcohol thermometers. Bro- 
mine, iodine, sulphur, and phosphorus, all dissolve in ethyl alcohol. 
In small doses the alcohol is a good stimulant, f* but in larger doses 
(iauses blurring of senses and finally unconsciousness. 

Quick lime is a suitable drying agent for alcohol. Calcium chlo- 
ride cannot be used, as it combines with the alcohol, yielding a com- 
pouncL CaCl24C2H50H, containing alcohol of crystallisation. 

V ^eaefi pps. — The important reactions of ethyl alcohol (a tvpical 
monfihydnc alcohol) are : 

V-^ijfMetallic sodium (or pota'ssium) vigorously reacts with alco- 
hol, evolving hydrogen and forming ethoxide or ethylate (white crys- 
talline deliquescent solid). 

2 C2HaOH4'2Na = 2C2ir-,ONa (sodium ethoxide) h- ITo 

Metallic Ca, Mg, etc., also react similarly but less rapidly. The read ion is 
us(id to remove traces of water from .alcohol. 


The cthoxides are readily hydrolysed by water, giving back alcohol. 

(yigONa -t- H.OH - CJi,O H + NaOH 
PCI., reacts, forming ethyl chlondc, POCI3 and TlCl. 

‘C2H3OH + PCI, = C2H,ci -h POCI3 -f- nci 

R^Aions (i) and (ii) detect OlT group in alcohols, 
yfu) It reacts with acids in presence of a dehydrating agent, such 
as concentrated HjSO^, PICl gas, etc., forming an ester and water. 

Alcohol + acid^rrzf^ester -t- water. 

The process of esterification is reversible. The dehydrating agent 
absorbs the water formed, and thereby the reaction may be made 
complete^ 

Acetic acid acts on ethyl alcohol in presence of cone. 
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HgSO^, giving the ester, ethyl acetate, CH3COOC3H.,, 
which has a fruity smelL 

CH3COOH + IIOGaHs^CH^COOOaH^ +' H^O • 

((bjTHCl gas reacts in presence of anhydrous zinc chloride, 
giving ethyl chloride. HBr and HI act similarly. 

C^H^OH+HCl^lJ^H.dl -1- H3O 

\p)^oncentrated H2S0^ reacts with ethyl alcohol, giving ethvl 
' hydrogen sulphate. C^H.OH + H^SO.^CaH^HSO.+H'o 

iThe ethyl hydrogen sulphate, on hydrolysis with hot dilute 
gives back the alcohol. 

about 140° ethyl hydrogen sulphate j’eacts with more alcohol, 
giving diethyl 'eilier, CjHg-O-CaHs. 

C^HgHSO, -H HOC2II, 3. ail,- O-C^H^ + H^SO, 

a still higher temperature, about 180°, ethyl hydrogen sulplmte 
gives ethylene. CjHrHSO^^CH^-- CFC h- H^SO/ 

\(f^Oxi4ising agents, e.g., KjCr^O, and cone. HjSO^, convert 
the alcohol first into acetaldehyde, GlTgCrTO, and finally into acetic 
acid. . • 

CIT3CH2OIT + O - CHgCHO-i-H^O; C[T,(!HO f 0 - CHgClK)!! 

Dehydrogenation by passing the alcohol \iipour over heated copper al 500', 
also forms acetaldehyde. CHaCH^OH — CH 3 CHO + 

\(v)^lehydration of alcohol by passing over alumina at 350 ° gives 
ethylene. Concentrated HgSO^ also dehydrates ethyl alcohol : 


C^lIgOH- 


=: CPL + H.O. 


V^yTled P and bromine (or iodine) act on alcohol, giving clhyl 
bromide!^ iodide) (p. 18). PBra+SCjHgOH = SCaHgBr + HgPO, 
^^vilfChlorine acts on ethyl alcohol, first giving acetaldehyde, and 
finally frichloro-acetald(?hyde or chloral, CCI3CHO (p: 21). Brora iiitfi 
reacts sinjilarly, giving bromal, CBrg.CHO, but iodine has no action. 

CH3CH2OH + CI2 = CH3CHO + 2 HC 1 I 

CH3CHO+3CI2 - CCI3.CHO + 3HOI 

Action of bleaching powder and water gives chloroform. 

fix) Igdine reacts in presence of aqueous alkali, giving iodoform. 


Presence of traces of wawr in alcohol may be detected by adding anhydrous 
copper sulphate which tuma blue, or by adding few drops of ben^ne or petroleuni 
other which gets turbid, if any water is present : 

Distinctive tests for methyl and ethyl alcohols. —Use aqueous solutions ol 
methyl and ethyl alcohols. • 
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Keagent 

Methyl alcohol 

Ethyl alcohol 

(i) Iodine + NaOH 
warm* 

No iodoform 

Yellow crystals of 
iodoform 

(ii) K.Cr,0,+H»SO. (1:1) 

Distillate is formic acid 

Distillate is acetal- 

Distil 


dehyde 

(iii) Acetic acid 

•^No characteristic smell 

Fruity smell of ethyl 

+ concentrated H ,SO .. 
Warm 

1 

acetate 

(iv) Salicylic acid 

Smell of oil of winter 

No characteristic 

+ concentrated HoSO.. 
Warm 

green 

smell 

(v) Plunge red-hot Cu- 
gauge into the solu- 
tion** 

Formaldehyde is formed 

Acetaldehyde is 
formed 


* A few crystals of iodine (or a solution of iodine in potassium iodide) is 
added to the aqueous solution of alcohol. The mixture is warmed and caustic 
soda solution is added, drop or drop, until the colour of iodine disappears. Yellow 
crystals of iodoform with characteristic smell are deposited on cooling. Methyl 
alcohol does not give iodoform test. But acetone which is a common impurity in 
methyl alcohol responds to this test. Therefore, a negative iodoform test with a 
sample of methyl alcohol shows absence of acetone in it. 

** Both formaldehyde and acetaldehyde give a viciet colour with Schiff’s 
reagent at ordinary temperature. 

w[^ses of ethyl alcohol. — The uses of alcohol is very extensive. It is used : 
(i) in making iodoform, chlorofrm, ether, acetaldehyde, vinegar, and transparent 
soaps, (ii) in the preparation of dyes, drugs, perfumes (ethyl esters make fruit 
essences and perfumes), synthetic rubber, and rayon, (iii) in the preparations of 
tinctures (alcoholic solutions or extracts of medicinal substances), e.g., tincture 
of iodine, and tonics, (iv) as alcoholic beverages, e.g., wine, beer, etc., (v) as a 
.solvent for gums and resins in making lacquers and varnishes, (vi) as a preser- 
vative of biological specimens and for sterilisation in surgergy, (vii) as an anti- 
freeze in radiators, (ix) as a fuel in internal combustion engines. Mixed with 
petrol, i^ is used in automobiles. The alcohol thus used in getting power is often 
aJeoholy and (x) in milking methylated spirit. 

spirit. — All the alcoholic beverages are subject to high 
excise duty. But ‘denatured* alcohol, unfit for drinking purposes but 
suitable for general scientific and industrial work, is duty-free, and 
therefore, cheap. The denatured alcohol is known as methylated 
spirit, and consists of about 90%' rectified spirit, 10% wood spirit and 
a little pyridine. The methyl alcohol (wood spirit) and pyridine render 
the alcohol poi|3onous and unpalatable and consequently unfit to drink. 
The methylated spirit is used in making dyestuffs, varnishes and fine 
chemicals. It is used in spirit lamps. 


Solidified spirit is made by dissolving soap in rectified spirit, and then cooling 
the solution, when it sets to a solid mass. It is easily ignited and is used in 
lamps. Approximate percentage of alcohol in several alcoholic beverages are : 

Boer 2-5 ; wine 7-11 ; claret 7 ; sherry 16 ; port 20 ; whisky, brandy, rum 35-40. 

The percentage of alcohol in pharmaceutical pieparations is high : tincture of 
iodine 80-85 ; spirit of ammonia 62-68 ; spirit of camphor 80-87. 

The percentage of alcohol in a sample of aqueous spirit, e.g., rectified spirit, 
is readily determined by measuring the specific gravity with a hydrometer and then 
referring to standard tables in which sp. gr. of any mixture of alcohol and water 
is , 
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ETHERS 

The ethers* — ^rhe ethefs have the structural formulae R — O — E% 
where R and R' may be identical or different alkyl groups. If the two- 
alkyl gi’oups are identical, we get a simple ether ^ c.g., 

CH 3 -O-CH 3 ( \.H. 

Dimethyl ether l)ie“lhyl ether 

Hut if the two alkyl groups are different, we get a mixed ether ^ o-g*. 

CH 3 .O-C 3 H, 

Methyl ethyl ether Klhyl j)ropyl ether 

Kthers may also be looked upon as alcohols in which the H of the UOH is 
replaced by an alkyl {^roup by reaction between two molecules of alcohol with 
elimination of water. POH + HOR - R-O-R -f- Ih/). 

The ethers have the general formula Cn Hsn+jO, and that for alcohols is 
.OH. Ethers, are therefore, isomeric with alcohols, but they differ 
widely in properties. 

The ethers are colourless, neutral substances like the alcohols. But an ether 
is much more volatile than the isomeric alcohol. Thus, dimethyl ether, 
CHg-O-GHj, which is isomeric with ethyl alcohol, (h.p. 78‘ 5«) Ua 

gas (b.p. ~23-6‘’). Diethyl ether, which has the same molecular 

formula as butyl <ilcohol, boils at 34®. Normal primary butyl alcohol, 

(T1 ,.(^H3.CH3.CH..0H, boils at 117®. 'Phe ethers are litj/ifer than water in which 
they are very much ?css soluble than the alcohols. The ethers do not react with 
metallic sodium or phosphorus peiitachloridt^ in the cold, and hence they do not 
contain any hydroxyl group like the alcohols. The low boiling ethers are highly 
inflammable. 

Diethyl ether, 02 H,,- 0 -C 2 H 5 , is commonly called ether, (i) It is 
made in the laboratory and also in industry by distilling an excess of 
ethyl alcohol with strong sulphuric acid at 130-140°. At first alcohol 
x'ac.ts with sulphuric acid, forming ethyl hydrogen sulphate. This 
then reacts with more alcohol, giving ether and regenerating the sul- 
pluuic acid. C 2 H,Oir + lT,SO,^C 2 H,HSO, +- 11 ./) 

C2H,HS0,-f 1TOC.JT,- C2H,-0-C2ll,+ 

^Phooretically no sulphuric acid is used up ; the g(3nerated acid goes 
thn^ugli the process over again, and hence the name continuous 
r th c rificatio n p roc ess . 

But in actual practice some sulpFiuric acid is reduced by side 
reactions, ^nd also the acid eventually gets diluted with* the water, 
when formation of ether ceases. • 

Preparation. — Equal volumes (100 c.c. each), of absolute ethyl 
alcohol and concentrated sulphuric acid are taken in a distilling flask 
iitted with a tap funnel and a thermometer (which dips in the liquid), 
and connected to a condenser and receiver. Ice-cold water circulates 
through the condenser and tlje receiver is cooled in ice. The flask is 
heated on a sand bath and kept at about 140°, when ether begins to 
pass over. Fresh alcohol (150 c.c.) is run in from the tap funnel at 
the same rate as the ether distils and collects in the receiver. 

To avoid fire hazard (ether being highly inflammable), the side 
tube of the receiver is connected b.y a rubber tubing to the sink. 
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The distillate (which contains ether, alcohol, water, SOg, etc.) is 
shaken with dilute aqueous alkali in a separating funnel, and then 
the lower aqueous layer is drawn off. The ether is then dried over 
anhydrous calcium chloride and distilled fyom a water-bath. The dis- 
tillate is finally dried over metallic sodium (to remove traces of mois- 
ture) and re-distilled. 



« 2 

Dimethyl ether is siinihulv p’epared, usinj]: meth\l 

alcohol in place of ethyl alcohol. 

By mixing one alcohol, o.g.. 'Mtli ilio sulaliin’K' acid and v\inuiiig 

in another alcohol, e.g., CII,OH, from Ihc la}) lUniicl, mixed her may bo 
l)repaie<l ; rjIdlSO, - CJf.-O-CIl, + It .SO,.' 

\-(fff^ther is formed by heating sodium ethf)xide with ethyl Iodide 
(Williamson^s synthesi s), CJI/Wa hK’.JT^, C JL^-O-Cgllg+Nal 

reaction shows the structure of otluM'. Heating methyl iodide 
with sodium methoxide gives dimethy ether. 

CHgONa +IGH 3 =: Nal 

k^*/f^mixed ether is formed by heating alkyl iodide with sodium alcoho- 
late containing different alkyl i;gdicals. 

CH,ONa^C,H, CH^-O-C^H, + NaT 

V,JPfopertjes of ethyl ether. Ether is a colourless, pleasant-smell- 
ing, neutral liquid. It is very volatile (b.p. 84'6° ; m.p. — 117’6°) and 
highly inflammable, and its vapour form an explosive mixture with 
air. Tt is lighter than water (sp. gr. 0‘713 at 20®), and is slightly 
soluble in water, but is miscible with alcohol in aU proportions. Ether 
possesses anaesthetic action, and causes unconsciousness on inhala- 
tions. "When employed in the form of spray, it causes local insen- 
sibility by quick evaporation and cooling, and hence its use as a lotal 
anaesth^C; 

— Compared with alcohol ether is somewhat inert 
chemi^lly. (/[i) Ether does not reao(b with sodium or potassium, nor 
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does it react with PCI5 in the cold, showing the absence of OH group 
in ether (cf. alcohols). Ether, however, reacts with PCI5 on heating, 
giving ethyl chloride: (C^HJ^O+PCl, =JOaH,Cl+POCl3 

liitfotrong hydriodic ecid decomposes ether on heating, •giving 
eth;^ iodide. CA-0-C,H,+2HI ^ 2C3H3I+H3O 

In general, heating with HI decomposes an ether, giving alkyl 
iodides. By identifying the alkyl iodides, the composition of ether, 
(simple or mixed ether) may be determined. 'Thus, ethyl ether gives 
only ethyl iodide, but methyl ethyl ether gives CH3I and CjjHgl. The 
alkyl iodides are separated by distillation and identified by their boil- 
ing points. CH3-O.C3H3 + 2m = ^3! -i- H^O + C^H,! 

V^jiiy^oncentrated sulphuric acid decomposes ether. 

+ 2H^SO, =2C3H,HSO, + H^O 

vEther is hydrolysed onTieating with dilute sulphuric acid under 
pressure. Call.-Q-C^ H. + H .O = 

All experiments with ellior require careful handling to avoid fire hazard. 


Uses. — Ether is largelv used as a solvent for fats, oils, resins and alkaloids, 
tt is often u.scd in the laljoralorv for oxtriirlion of Kubstanccs from aqueous solu- 
tions or suspensions. Mix(?d with alcohol, it is used as a petrol substitute. In a 
mixture with nitrous oxide and oxygon, it is used as an anlfcslhetic in surgery; 
1 mixtuic of alcohol, ohlctoform and ether (A.C.E.) is also used as an anaesthetic. 

Metamerism.* — The fofmulu stands for three isomeric ethers. 


CH 

' CH.O-C.ll, . C.Hj-O-C.H, 

\0H, 

Methyl isopropyl ether Methyl proiiyl ether Diethyl ether 


l.somers such as these, whidi are I'ompoiinds of the same series and diHcr only 
in tho cQmpo.sition of alkyl radicals atladied to the oxygen atom are known as 
iiivtatncrs, and this type of isomerism is known as mvJ.aimnsm, 

The composition of the partifular ether may be dotennined by heating with 
HI and identifying the alkyl iodides formed. 


VII 

-ALDEHYDES AND KETONES 

Aldehydes and ketones. — A primary alcohol ou mild oxidation 
yiel(fe"^HnnKr?rZ< 3 //?/dc, "Wtncli ' contain two hydrogen atoms less than the 
alcohol and hence the aldehyde from i\icohol dc/ii/drogenation (alcohol 
dehydrogenation). On cautions oxidation methyl alcohol gives form- 
aldehyde, -and ethyl alcohol acetaldehyde : * 

U n „ 

I I /I 

H_n_OH + O — > H— C— OH — > H— C=0 + H,0 
H OH 

Methyl alcohol Unstable intorraeiliate Formaldehyde 

H • H /H 

CH.-C-OH + 0 CH,-C-OH _> CH 3 -C-O + H,0 
1 I 

H OH 

Ethyl alcohol Unstable intermediate Acetaldehyde 

n-« 
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The unstable intermediates having two OH groups linked to the same carbon 
atom readily eliminates water. 


H 


. / 

All aldehydes contain the aldehydic group — C=0, and the type 


formula for all aldehydes is K — C = 0, where E is an alkyl group, 
exeept for the first member of tho series, formaldehyde which is 

H — C=0. All ketones contain the ketone group >C = 0, and the 

type formula for ketones is pC = 0, where E and E' are identical 

or differnt alkyl groups: 

CH3.CO.CH3 OH,>C()-CJL 

Dimethyl ketone Methyl ethyf ketone- 

The aldehyde and ketone, therefore, both contain the group >C — 0; 
this is known as the carbonyl group ^ and this accounts for many 
similai’re^ctions ^ of aldehydes and ketones. 

VHramaldehyde, H.CHO.v^ormaUlehyde is iormed when calcium 
formate is heated, c t 

n.COOCu' ^H.OnO-nCaCO, (Ca is hall-atom of calcium). 
HCOOCa' • 

.v/V is obtained by catalytic oxidation of methyl alcohol by means 
of air in contact with heated copper, siHer or platinum: 

CH3OH+O = HCHO + H3. 


A current of air is bubbled through methyl alcohol taken in a flask, warmed 
on a waterbath to about 40® ; the mixture of air and alcohol vapour is then passed 
through a tube containing copper or silver gauze or platinised asbestos, heated 
to about 500°, and the issuing gas is condensed to a liquid in a flask, cooled in 
ice. The liquid is a strong solution of formaldehyde in methyl alcohol. The 
issuing gas may be absorbed in water, giving an aqueous solution of formaldehyde. 

f \ykn aqueous solution containing 40 per cent formaldehyde and 
some methyl alcohol (15 j^er cent) is known as formal in, 

V^PfS^rtieE. — Formaldehyde is a colourless gas wdth a pungent 
smell. It may be condensed to a liquid (b.p. -20°). It is soluble 
in water, aloohol and ether. 

Its aqueous solution on evaporation polymerises into a white solid, 
known as paraformaldehyde or paraform, (CH 30 )n. It reduces 
Fbhling's solution. ' It gives formaldehyde vapour on heating and 
hence its use as a fumigant for disinfection. Gaseous formaldehyde 
on cooling in ice-cold water gives a second polymer, metaformaldehyde 
or trioxymethylene, (CH^O),. It is a white solid (m.p. 63°) and does 
not give characteristic aldehyde reactions,* but like paraform it gives 
formaldehyde on heating. It possesses a cyclic structure : 


OH,/° 

*\ 0 — 
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When a solution of formaldehyde is treated with lime water, it slowly poly-* 
meries into a mixture of substances, known as formose, some of which have 
the formula (CIIjjO)^ or and belong to the sugai* group. This reaction 

has a bearing on the syntliesis of sugars by plants. Under the influence of sun- 
light and chlorophyll (green colouring matter of plants) and in presetice of 
moisture, plants feed on carbon dioxide— the carbon being assimilated by plants 
and converted into carbohydrates, and the oxygen is set free. It is believed that 
CO 3 is first converted into formaldehyde, which then polymerises into sugar and 
eventuaUy into starch and cellulose. Formaldehyde has been detected in plant 
leaves. The conversion of formaldehyde into starch }fy plants has been observed 

Formaldehyde Sugar Starch /cellulose 

Formaldehyde gives characteristic aldehyde reactions like acetaldehyde, but 
it differ^in some respects. This is mentioned under acetaldehyde. 


-Formaldehyde has many uses : (i) It is used as an antiseptic and 
disinfectant, for disinfection formalin i.s used in the form of spray or paraforin 
is vaporised over a lamp. 

(ii) Formalin i.s used as a preservative for biological and anatomical speci- 
mens. Its use as a preservative for milk is forbidden. A very dilute solution 
is used as internal antiseptic. 


(ii) It hardens glue and gelatin and render them insoluble, and hence its 
use as a tannin .‘substitute in leather industry. It finds use in making synthetic 
tannin. 

• 

(iii) It is used in making synthetic resins, e.g., bakelite (phenol-formalde- 
hyde plastics), plasl'on (urea-formaldehyde plastics), and galldlith (casein plastics). 
Hakdite, a hard* infusible^ resin, (so named after its discoverer Baekeland) is 
made by heating phenol and formaldehyde in presence of ammonia. It finds use 
in making electrical insulating materials, p]^onograph records, fountain pen, etc. 
(ro/lolith is msido by hardening casein (a milk protein) with formaldehyde, and 
is used as a substitute for ivory, horn, or tortoise shell, and in making buttons. 

(iv) It is used in making synthetic dyes, and in making throat lozenge— 
fornutmint h a mixture of lactose and formaldehyde. 

VAcetaldehyde, CHgCIIO, is made : (i) by oxidising etliylalcoliol 
witb^ sodium or potassium dichromate and concentrated sulphuric 
acid, in the laboratory. CHgCHjOH+O = CHgOHO-fH^O. 

\£ceffairation. — Coarsely powdered sodium dichromate (100 g.) and water 
(400 c.c.) are placed in a two litre flask fitted with a tap funnel, and attached 
to a condenser and receiver. Ice-cold water circulates through the condenser and 
the receiver is cooled in ice. A mixture of absolute alcohol (125 c.c.) and con- 
centrated sulphuric acid (75 c.c.) is slowly run into the flask. The flask is 
heated on a water bath, and the distillate which contains acetaldehyde and some 
alcohol and water, collects in the receiver. 


The distillate is then taken in a flask* fitted with a fractionating column 
and gently warmed from a water bath, when acetaldehyde (b.p. 21 ®) passes over 
(leaving alcQljol and water behind) and is led into dry ether taken in a wasli 
bottle, cooled in ice. • 


The ethereal solution is then saturated with dry ammonia gas, when crystals 
of acetaldehyde-ammonia deposit. The crystals are sepafated and decomposed 
-bv distilling with dilute sulphuric acid. The distillate of acetaldehyde is dned 
over calcium chloride and re-distilled. Pure acetaldehyde is collected in a ice- 
cold receiver. CHa-CHO 4- NH 3 = CH 3 -CH(OH).NH 3 

^ CH,CH(OH).NH,-vH,SO^ = CHjCHO+NH^HSO, 

by idstilling a dry mixture of calcium acetate and calcium 

formate. 

CH COOCa^ 

j..HCOOCa' = CHjCHO+CaCOj (Ca'=a half-atom of calcium). 
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by passing vapours of acetic acid and formic acid over a 
catalyst of manganous oxide, MnO, at 300°. 

CH3C00n+HC00H = CH3CH0+H304-C03 
4 * by passing a mixture of alcohol vapour and air over copper 

or silve^catalyst at dull red heat. CH3CH2OH + O = CHaCHOH-HaO. 
!• / by reduction of acetyl chloride by hydrogen in presence of 

.palladium at 150°. CIlaCOCl-fH^ = Cn3CHb+HCl. 

All the above processes illustrate general methods for the preparation 
of aldehj^es. 

by hydration of acetylene by passing into a 20 per cent 
sulphuric acid containing mercuric sulphate as a catalyst, and kept 
at about 80°. Acetaldehyde is separated by fractional distillation. 

ch=gii+H 20 ^cir.ciio 

Methods (iv) and (vi) are used for commercial preparation of acet- 
aldehyde. 

y^U^perties. — Acetaldehyde is a coloui'less gas (b.p. 21°) with a 
suffocating smell. It is soluble in water, alcohol and ether. 

General properties of acetaldehyde and acetone. — The chemical 
properties of acetaldehyde, CH3CHO, and acetone, CH3-CO-CH3, are 
similar in many respects, and this is due to tie presence of carbonyl 
group, >C= 0 , in both, 

FormakMiyde, H.CHO, al^o closely resembles acetaldehyde in 
chemical properties. Their similarities and differences are shown as 
follows : 

'^^j^^xidation : Aldehydes readily undergo oxidation (with dichro- 
jmatc and sulphuric «acid), giving acid with same number of carbon 
atoms. Acetaldehyde gives acetic acid, and formaldehyde formic acid. 

CH3CHO + O Cir^COOH (acetic acid) 

H.CHO + 0 = H.COOTT (forimr^cid). 

Ketone, e.g., acetone, is far less residily oxidised. On drastic 
oxidation, it gives acid with fewer carbon atoms. 

OII3-CO.CII3+2O2 - CH3C00H f-C02 + ir20. 
^^^i\i,xReduction : Aldehydes on reduction with sodium amalgam 
and water, yield primary alcohols; acetaldehyde gives ethyl alcohol, 
and formaldehyde methyl alcohol. 0113.0116 + 112 =- OH^. OH., OH 

H.OHO-1-H2 " H.OIIjOIT (methyl alcohol) 

A ketone, on being similarly reduced^ gives a secondary alcohol; 
acetone gives isopropyl or secondary propyl alcohol. 

OH3OO.OH3 + H3 = OH30H(OH)OH3 (isopropyl alcohol) 

^ii)^ddition feactions: (a) Aldehydes and ketones yields the 
additive compound, cyanhydrin, with hydrocyanic acid, HON. 

' CH3OHO + HON - 0H3CH(0H)CN (acetaldehyde-cyanhydrin). 

HCHO + HCN = HOH(OH)ON (formaldehyde-cyainhydrin) 

(0113)200 + HON = (CH3)2C(0H)CN (acetone-cyanhydrin) 
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On being shaken with cold saturated solution of sodium 
bisulphite, NaHSO., aldehydes and ketones yield bisulphite addition 
compound. ® 

CH 3 CH 04 -NaHS 03 = CH3CH(0H)S03Na 
HCH0+NaHSO3 = HCH(0H)S03Na 
^ (0113)300 + NaHS03 = (0H3)^0(0H)S03Na 

'Jjg^^cetaldehyde gives acetaldehyde ammonia, a crystalline solid 
witirtfry ammonia gas; OH3OHO + NH3 = OH30H(OH)NH2 

Formaldehyde does not form aldehyde-ammonia. With ammonia 
it gives hexamethylene tetramine, (0H2)3N4, a colourless crystalline 
solid, which is used in medicine under the name hexamine^ uro tropin e 
or aminoform# 6OH3O (formaldehyde) + 4NH3 = 

Like acetaldehyde, acetone also forms additive compound with ammonia, 
but at a low temperature (— 65 ®) only. 


(CH3)3C0 -f- NH3 = (CH3)3C(0H)NH3 (acetone-ammonia) 

But at ordinary temperature acetone forms a complex substance, diacetone, 
amine ammonia. ^ 

■^/o^Reaction with hydroxylamine, NH.,OH, (hydrazine, NH,.NH, 

..,1 1. ^ XTLT XTXT/1 XT - 


andyhenyl hydrazme, NHo.NHGgH.,, 


9 


\£t]r 3 Sdohydes and ketones react with hydroxylamine, giving 


CH,CHO + H,NOH. 
HCHO+HjNOn — i 
(CH3),C0+H,N0H 


-^-CHjCTT = NOn (acotaldoxime)+H 30 
HCn=N0lf+H30 

(CIl3)3C=NOH (aoetoxirae)+H30 


V(t)^IIydrazine reacts similarly with aldehydes and ketones, yield- 
ing hydrazones with elimination of water. 

CH 3 CHO- 1 -H 3 N.NII 3 CH3.CH=N.NH3-t-H30 
nCHO-f-HjN.Nll^ II.CH-N.NHj-f H 3 O 
(011:3)300 + H3N.NH,-> (01l3)30=N.NH3-t-n30 
v(c^-i’henyl hydrazine reacts similarly, giving phenyl hydrazones - 
o£ aldehydes and ketones. 

OH3OHO -1- HaNNHO^Hj ->0H30H=NNH0,H3 -1-H3O 
HOHO-t-HaNNHO^n^ — > Tl0H=:iNNH0.H3-t-H30 


(0H,)3O0-t-n3NNlI03H, (0H3)30=NNH03H3-t-H30 

(d) Semicarbazide, NHj.NHCONH,, reacts with aldehydes^ and Jietones, 
giving setiUcaTbazones which are crystalline and have definite molting points, and 
henco useful in the identification of aldehydes and ketones^ 


CH3CHO -1- H3N.NHCONH, — CH,CH = N.NHCONH, + H^O 
Q (CH^hCO-t-HjN.NHCONH.-^lCH.hC^N.NHCONH, -bH,0 , 

with Gri^ard reagent : The aldehyde and ketone 
form additive compounds with Grignard reagent (such as methyl 
magnesium bromide, CHgMgBr), which on hydrolysis yield alcohols. 
Formaldehyde gives a primary alcohol, acetaldehyde a secondary 
alcohol and acetone a tertiary alcohol. 
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CrTj = 0 (formaldehyde) +CH3MgB.r = CHjCIT^ - OMgBr 
Cn3Cn3-OMgBr+H.OH = CH3CIl30II+Mg(6H)Br 
CH3CHO+CH3MgBr = (CH3)3CH - OMgBr 
(0113)3011- OMgBr+H.OH = CH3-CH(OH).OH3+Mg(OH)Br 
(0113)300 + CH3MgBr = (0H3)30- OMgBr. 
(OH,)3-0-OMgBr+H.OH = (0H3)30(0H) + Mg( 0 II)Br 
^ Tertiary butyl alcohol. 

1 ,'^V(vi) Reactioa with PCI,. — Aldehydes and ketones react witJi 
giving diclioloroparatlins, but no IICl is evolved. Acetalde- 
hyde gives ethylideiie chloride, CH^CHClg, and acetone gives /i/j- 
dicldoropropane, rT-l3.('Cl2.CH3. 

CUfiHO + VCL CH3CITCl2-f-POCl3. 

(Ml3C()CH3 + PCl3 ^ CFr3.CCl2.CH3+POCl3. 

'The dichloroparaffins thus formed, yield back acetaldehyde and acetone on 
hydiolj'sis with hot aqueous alkali. 

CH3CHCL -f 2NaOH = CI1,(’110 + 2XaCl 4 - H,0 
Q (;H 3 .CCl,.CH 3 .-f 2NaOH --- CH^COCH^ + 2NaCl + H,0 

] <^ii) Reaction with alcohol* — Aldehydes react with alcohol iji 
presence of H €1 gas, giving acetals. Acetone dc'cs not give acetal. 

ClT3(:HO-f2HOCUI, - CH^CH.{ 0 CJUX, (acctalld-lip 
V iiCl 10 -r 21100113 = 1-1.(311.(00113)2 (mothylaO-hH^O 

/j^^iii) Reaction with caustic soda or potash. — Acetaldehyde gives 
a brown rcsiiunis mass, known as aUlehyde-resiu ^ with caustic alkali. 
But acetone gives no sucli resin with caustic alkali. Formaldehyde 
also gives no r(‘sin. When formaldehyde is heated with aqueous 
caustic, alkali, it gives methyl alcohol and formate. One molecule of 
formal dcliydc is reduced to, methyl alcohol at the expense of the otlmr 
which is oxidised to formic acid: This is Cannizzarro^s reactioiK^jgf^ 

UC}Si) \ TTCHO ].Na()ir - T7rH20Fl+ llCOONa-hllaO * 

Aldol condensation* — In presence of dilute alkali or aqueous 
^liitioii of potassium (iai’bonate in the cold acetaldehyde is converted 
into a syrupy liquid, called aldol (which is both aldehyde and alcohol 
and hemce the name aid (ohyde-alcoh) ol. Aldol is formed by the 
condensation of tw^o molecules of acetaldehyde. The reaction is called 
aldol condensation (3H3CTTO + C 1 130110 Cl r3CH(On)CH2CIIO 
(aldol). Formaldehyde does not give aldol condensation but gives 
Cannizzaro’s I’eaction in presence of alkali. 

^ ^Tbe aldol romlensalion involves the addition of a-hydrogen atoms (i.c., the 
hydrogen, atoms on the carbon atom immediately adjacent to the carbonyl group) 
on the carbonyl group. If there is no gi-hydrogen atoms on the carbon next to 
carbonyl group, no aldol condensation takes place. 

f^Tlic Cannizzaro’s reaction, on the other hai.d, is given by aldehydes which 
possess no a-liydrogen atoms. Thus formaldehyde gives Cannizzaro’s reaction 
but fails to undergo aldol condensation,^ 

Acetone, however, undergoes aldol condensation in presence of 
baryja, water, giving diacetone alcohol. 
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(CB.,)^G = O- 1 -H 3 G-CO-CH 3 = (Cn 3 ) 3 .C( 0 H). 0 Ha.C 0 .CH 3 
CJ Diacetone alcohol. 

^.^J^S^jFoIymerisatloii. — Like formaldehyde (p. 84), acetaldehyde 
readily polymerises, but acetone does not. 


On adding a drop of Concentrated sulphuric acid to a soliJtion of 
acetaldehyde, the latter polymerises into a colourless, pleasant smell- 
ing liquid (b.p. 124®), paraldehyde, (CHjCHO)^. It does not give 
characteristic aldehyde reactions. It has a pyclic structure. It is a 
soporific. By the action of dilute sulphuric acid upon acetaldehyde 
at low temperature, a solid polymer, metaldehyde, (CHjCHO)^ , is 
formed. It is used as a fuel (meta fuel). Metaldehyde on distilla- 
tion with dilute sulphuric acid, gives back acetaldehyde. Therefore, 
pol;ynerisation of aldehydes is a reversible process. 

>(npd)'"Reducing property. — Aldehydes are readily oxidised and 
heiice arc strong reducing agents, (a) Both acetaldehyde and formal- 
dehyde reduce ammoniacal silver nitrate solution to metallic silver, 
on warming. 


CAl.CUO^Agfi = CTT3COOH+2Ag ; 

H.OlIO + Ag/) - HOOOH h2Ag 

(b) Both acetaldehyde and formaldehyde reduce Fehling's solu- 
tion on boiliiag, giving a red precipitate of cuprous oxide. 

Cir3(3H0 + 20u0 CIIgCOOH-i-CuaO ; 

HCHO 2CuO = JTCOOH h- Cu^O 


Kchling's bolntion contains copper suuphatc, caustic soda and sodium potassium 
tartrate (Rochelle salt), and is deep blue in colour. 

Acetone has no reducing property. It does not reduce ammo- 
niacnl silver nitrate or Fehling's solution.. 

Action on Schiff’s reagent.^“=iicetaldehyde and formal de- 
hyde gives purple colour with Schiff's reagent (which is magenta 
solution made colourless with sulphur dioxide) in the cold. Acetone 
dp^s ^t ordinarily restore the colour of Schiff's reagent. 

reaction^==^Vith bleaching powder solution or 
'chlorine and caustic soda solution both acctaldenyde and acetone give 
chloroform (p. 21). Similarly, with bromine or iodine and caustic 
soda, they give bromoform, CHBr^, and iodoform, CHI 3 . This is 
known as^haloform rection. Formaldehyde does not give this reaction. 

" • CH3CIIO+^^aOCl = CCl3.CHO+3NaOri [ 

CCl3C110 + Na0H = CHCla-i-HCOONa 
Acetone reacts similarly. 


Uses of 9^cetaldehyde. — Pn, ralydehydo is a hypnotic. Metaldehyde is used as 
a fuel. Acpf^leliyde is used in the preparation of acetic acid, ethyl alcohol, 
acetic anhydride, elhylacctatc^aiid aldol. 


Teste for formaldehyde and acetaldehyde. — Both formaldehyde and acetal- 
dehyde reduce ammoniacal silver nitrate and Fehling’s solution, and restore 
.colour of Schiff’s reagent. But formaldehyde differs from acetaldehyde in its 
; reactions .with : 
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ammonia (p. 37), soda (p, 38) and and caustic 

soda (p. 39). 

Certain colour reactions are also distinctive : 

(i) An aqueous solution of formaldehyde gives a rose-red colour, on addition 
of 2 c.c. of 1% phenyl hjrdrazine hydrochloride, solution, then 1 c.c. of 6% 
potassium ferricyanide solution and finally about 5 c.c. strong hydrochloric acid. 
This is Schryver*8 teat for formaldehyde. 

(ii) Aqueous formaldehyde develops an intense indigo blue colour, on addition 
of 1 c.c. of 1% solution of phenyl hydrazine hydrochloride, then 1 c.c. of sodium 
nitroprusside solution, and finally excess of caustic soda solution. 

(iii) Acetaldehyde solution gives a blue colour on the addition of aqueous 
sodium nitroprusside and piperidine. 

(iv) A cherry-red colour develops, on adding sodium nitroprusside solution 
and an excess of aqueous caustic soda to acetaldehyde solution. 

Iv Common reactions and products of acetaldehyde and acetone- — 


Reagent 


(i) HCN 

(ii) NaHSOg 

(iii) NH-OH 

(iv) NH^NHa 

(v) NHaNHO.H^ 

(vi) NHjNHCONH, 

(vii) PCI, 

(viiii I, & NaOH 

(ix) Chlorine • 

(x) Aldol condensa- 
tion 


Acetaldehyde 


Cyanhydrin 
Bisulphite compound 
Acetaldoxime 
Hydrazonc 
Phenyl hydrazone 
Semicarbazonc 
Kthylidcne chloride 
Iodoform 

Trichloro acetaldehyde 
Aldol 


Acetone 


Cyanhydrin 
Bisulphite compound 
Acetoxime 
Hydrazone 
■ Phenyl hydrazone- 
Seminar ba zone 
/J/J-dichloropropaiie 
Iodoform 
Tnchloro acetone 
Oiaccloiic alcohol 




Reactions where acetaldehyde and acetone differ.- 


Reagent 


.Vcctaldehyde 


Acetone 


(i) Reduction 

(Na-amalgam + H^O) 

(ii) Oxidation 
(KaCr,0, -f 

(iii) NH, 

(iv) Caustic soda 

(v) Polymerisation 
by H,SO^ 

(vi) Ethyl alcohol 

(vii) Schiff’s reagent 
(viii) Ammonial silver 

nitrate 

(ix) Pehling’s solution 


I Primary alcohol 
i CH,CH,OH 
1 Acid with samie number 
! of carbon atoms 
; Aldehyde-ammonia 
' Aldehyde -resin 
I Paraldehyde and 
rnetaldehyde 
I Acetal 
Pink colour 
Silver mirror 

Red precipitate 


, Secondarv ahohol 
CH,-CH(OH)-CH, 

Acid with fpv'pt oarhon 
atoms, e.g., CH^COOH 
Acetone-aminc' 

No resin 

No polymeris.Tlion 

No reaction 
No reaction 
i No reaction 

No reaction 




’blymerisation* — ^When acetylene is passed through a red-hot 
tube, benzene is formed : SCaHg — CgHg. * Such a reaction in which 
a simple substance is changed into a complex one of the same empi- 
rical formula but having a molecular weight equal to several multiples 
of substance, is known as polymerisation. The complex 
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substance formed is the polymer of the original substance which is 
called the monomer. Polymer has the same empirical formula as the 
monomer but different molecular formula. Benzene is a trimer of 
acetylene. Polymerisation is usually reversible, as in the case of 
polymers of acetaldehyde (p. 39), but this need not be so. Etfcylene 
on polymerisation gives the synthetic resin polythene. 

Condensation. — When acetone is distilled with concentrated sul- 
phuric acid, it yields mesitylene (trimethyl benczcne), a liquid boiling 
at 163®. Three molecules of acetone interact, with elimination of 
water and forming mesitylene. 


CH, 


CH3— CO 

I 

CH, 


\ 

CO— CII3 

CH, 

/ 

CO 


■ CH 3 -C 
flC 


CH 

>C-CH3 
CTI 


Y 


-f 3H3O 


I I 

CH3 CH3 

Such a process in which two or more molecules of the same or 
different substances combine, usually, but not always, with elimina- 
tion of water, alcohol, IICl, etc., is known as condgnsation, and the 
substance formed is 4.he condensation product — the combination is 
caused by tho union of carbon atoms and hence the condensation 
product is of stable character. Mesitylene is formed w'ith elimina- 
tion of water, but in the formation, of aldol nothing is eliminated. 
But in both cases new linkage between carbon atoms of the original 
molecules develop, and consequently they can not be easily splitl^up 
into ihe original molecules. 


Acetone, dimethyl ketone, CH3-CO.CH3, occurs in traces in 
normal urine, but in the case of diabetic patients, the quantity in- 
creases. It also occurs in trace in blood. 


Acetone is made coTnmercially : (i) by dry distillation of calcium 
acetate. The method is also suitable for laboratory preparation. 

CHXOOCa' 

, “CltjC'OGTra + CaCOg (Ca' = a balf-atoiu of calcium). 

Ctig.COUCa 

Dry calcium acetate 
(30 g.) is heated first slowly 
and then strongly in a retort 
attached to .a. condenser and 
receiver (fig. 3). The distil- 
late is crude acetone. It is 
shaken with saturated solu- 
tion of sodium bisulphite, 
when crystalline acetone - 
bisulphite is deposited. This 
is filtered and decomposed 
, by distillation with sodium 
carbonate solution. The 
acetone passes over. It is dried over calcium chloride and redistilled to get pure 
acetone. ^ 

CHj.CO.CH^+NaHSO, (OH,)5.C{OH).SO,Na 
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2(CH3)2.C(0H). S03Na+Na2C03 = 2(0113)300 + 2Na3S03 +H3O +00. 

)Tlie calcium acetate (the grey acetate of lime of commerce) is 
obtained by neutralising the acetic acid of the pyroligneous acid (p. 
25 ) with milk of l.ime. Acetone is also recovered from crude wood 
spirit by fractional distillation (p. 25 ). ' 

(ii) by passing acetic acid vapour over manganous oxide, MnO,. 
catalyst at 300 ® ; 2CH3OOOH = OH3OOCH3 + OO3+H2O 

(hi) by oxidation of* isopropyl alcohol by means of air in presence 
of heated copper catalyst, or by dehydrogenation by passing over 
heated copper. CH3.CH(01I).CH3 + 0 CH3.COCIT3 + H3O 

Isopropyl alcohol, CH,.(JH(OH).CH.. is made by absorption of propylene, 
CH,Cn = CH3, (from cracked petroleum) in concentrated and then hydro- 

lysing the product by heating with dilute H2SO4. 

CH,-CH = CH2 + H2SO, = riI,.CH(HSOjCH, 
CH3.CH(HS0J.CH, + 11,0 = CH,.(^H(0H).CH3 + H_,0 

(iv) by fermentation of starch of maize and rice (Weizmann 
process) iu presence of an organism (Fcrnhach* s bacillus) which con- 
verts the starch mainly into a mixture of butyl alcohol and acetone. 
The acetone is separated by fractional distillation. 

(v) by passing a mivlnre of ethyl alcohol vapour nid steam over ii heated 
catcalyst containing iron and calcium : 

2 CH,CII., 0 H + II2O CH.COCH, + 4 H, + CO,. 

(vi) by passing a mixture of acetylene and steam over heated zinc oxide 
catalyst : 2C0H2 + SH.O - CH^COCH, + 2 H,. + CO^. 

Properties, — Acetone is a colourless liquid with a pleasant snudl 
(b.p. 56 * 5 ®). It is soluble in water, alcohol and ether. Its sp. gr. is 
C ’792 at 20 ®. 

Thci’e are many common reactions of acretone and acetaldehyde ; 
they have been discussed together under acetaldehyde. 

Uses. — Acetone is u.scd as a Holrrut for 1111^011111080 in making cordite, and 
for storing acetylene. It is used in making chloroform, iodoform ynd sidphonal 
(a hypnotic), and in .spinning cellulose acdale rayon. Chloretonc, a specific 
against sea-sickness, is made bv the .'iction of polash on a mixture of acetone and 
chloroform. (CHJ^.CO + - (CH,),.C( 0 H).CCM ,. (cldoretone). 

Tests. — (i) Like ethyl alcohol acetone gives iodoform reaction with iodine and 
caustic soda solution (p. 29 ). But unlike ethyl alcohol, ficetone also gives an 
iodoform reaction with iodine and aqueous ammonia (in place of cainstic soda). 
Hence acetone js distinguished from ethyl alcohol. 

(ii) A freshly prepared solution of sodium nitroprussidr on being added to 
acetone and then made alkaline with caustic soda, develops an orange red colour 
{LdfjaVs tvM), 

•/n/ * Chloral, trichloroacetaldehyde, COl^.CHO, is formed by the ehlo- 
of acetaldehyde. CH^.CHO + SCl. = CCla-CHO+BTICl. 

"Chloral is made by saturating ethyl alcohol with chlorine first at ordi- 
nary temperature, and finally at 90 ® for ‘several days — chlorine first 
oxidises the alcohol to acetaldehyde, which is then chlorinated to 
chloral. CH3.CH3OH + CU - CH3.CHO + 2HCI 

Cn3.CPTO + 3Cl2 - CCI3.CHO + 3HCI 
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GhloraHs an oily liquid (b.p. 98°) with a penetrating smell (sp. gr. 
1-506 at 20”). Jt closely resembles acetaldehyde in its reactions. 

It gives trichloroacetic acid on oxidation with boiling nitric 

acid. 

CCI 3 .CHO + O == 6 CI 3 .COOH (trichloroacetic acid). * 

It is decomposed by hot aqueous alkali, giving chloroform and a 
formate. NaOH + CCI 3 .CHO =. CJlda +HC()ONa. 

On shaking with one molecular proportion of water chloral gives 
chloral hydrate, CCI 3 . 011(011)2, a crystalline solid, m. .57°, readily 
soluble in water. Chloral hydrate is a rare exarnpple of a compound 
having two OH groups linked to the same eai'bon atom. Cliloral is 
used in medicine as a soporific. 


VITT 


FATTY ACIDS 

Fatty acids. — Formic acid, ITCOOIl, and acetic acid, CH^COOH 
are the first two members of a series of homologous saturated mono- 
basic acids, known as fatty acids. They aie so called as two of the 
higher members — palmitic arid and stearic acid — arc present in animal^ 

. I 

fats. All acids of the series have tlie gcno’al formula E-G-OTT, 
wdiere E is an alkvl group, except formic neid which has the formula 
O ^ 0 

TT-(%f)Tl. The carboxylic group — C-OII, is the eliaracteristic of all 
organic acids. The fatty acids contain one - GOOIT group and are, 
therefore, mono carboxylic acids. It is the hydrogen atom of the 
— COOH group which is replaceable by metals, forming salts. 

The formaldehyde, ll-ClIO, and acetaldehyde, CH 3 -OHO, on 
oxidation give formi(j and acetic acids resp(‘(*l ively 


/ 


IT 




0 


/ 


n 


-C— OH 


In llic alepwise oxidfitipn of 
Fattv acid 


1 r - C - O ! O HO- OH ; G -- ( ) f- O = OH 

The faUy ai*ids may he rejj;arded a.s fornuM) 
paraflins. The sequence of the steps are : 

Paraffin — y Primary alcoliol — ^ Aldcfiydo — : 

OH, H.CIIO — > H.COOTT 

> OH^fMGOH _> CH,.C110 — > (;iI,.OOOIT . 
acid. HCOOH.- -Formic acid occurs in the stings of ants, 
bees and wasps and is partly responsible for the irritating action of 
their sting. It w'as first isolated by distilling red ants with w^ater, and 
hence the name from the Latin formica, an ant. Formic acid is formed 
by: (i) Oxidation of methyl alcohol or formaldehyde by means of air 
in presence of platinum black : 

CH,0TT + 0 - HGHO f-TLO; HCH0-(-0 HCOOH 

(ii) Hydrolysis of hydrocyanic acid, HON, by boiliiis: with aqueous caustic 
soda or strong hydrochloric acid : HCN + 2 H 2 O = HCOOH + NHj. 
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(iii) Decomposition of chloroform by heating with alcoholic potash. 

CHCl, + 4KOH = HCOOK + 3KC1 + 

Formio acid is prepared: (a) In the laboratory by decomposition 
of oxalic acid in presence of glycerol. When heated alone, oxalic acid 
decomposes into formic acid and carbon dioy de, but the yield is poor ; 
when heated with glycerol, the yield is much better. 

HOOC.COOH (oxalic acid) = H.COOH+COg 

Glycerine remains unchanged at the end of the action. 

The reaction in presence of glycerol is believed to be as follows : Glycerol first 
reacts with oxalic acid, forming glycerol mono^oxalate, which then loses CO 2 ,. 
giving glyceryl monofgniate. The monoformate is finally hydrolysed to formic 
acid and glycerol — the oxalic acid itself acting as a catalyst. 

CILO-OC-COOH + H 3 O 

OHOH 

I 

CH,OH 

Glycerol mono-oxalate 
CH..O-OC.H + CO, 

I 

CHOH 
I 

CH.OH 

Glycerol mcno-formatc 

CHOH HCOOH 
I 

CH.OH 

Preparation. — Equal weights (50 g.) of oxalic acid and glycerol are 
heated ever a wire gauge in a retort fitted with a condenser and 
receiver. The temperature is kept at about 105°- 1 10° until evolution 
of COg ceases. The liquid is then distilled until the temperature 
reaches 120 ® — ^the distillate is aqueous formic acid. 

When larger quantity of formic acid is needed, a further quantity 
of oxalic acid is added before distillation, and it is decomposed at 
105°-110° as befere until evolution of CO 3 slackens. The liquid is 
then distilled. 

The aqueous solution of formio acid is boiled with excess of 
litharge and filtered hot — on cooling crystals of lead formate are 
deposited. 2 HCOOH + PbO = (nCOO)^Pb -i- H^O 

The lead formate is dried and then decomposed by passing HjS over 
it at about 11 Q°. Anhydrous formic acid passes over and collects in 
a cooled receiver. (HCOO) 3 Pb-i-H 2 S = 2 HCOOII-fPbS. 

Concentrated sulphuric acid decomposes formic acid, giving off CO, 
and hence is unsuitable for its preparation from a formate. 

HCOONaH-H^SO, = NaHSO,-t-CO-FH^O 

(b) Industrially by passing carbon monoxide under a pressure of 5-10 atmos- 
pheres over caustic soda at 2(S® ; sodium formate is thus formed. Dilute HaSO* 
liberates formic acid from sodium formate. 

NaOH -t- C = 0 _> H-C^Na 




ly CH 2 OH -1- HOOC-COOH 

CHOH 

I 

CH2OH 

Glycerol Oxalic acid 
CH 2 O.OC.COOH 

I 

CHOH 

I 

CH2OH 

CH 2 O.OC.H + H.OH 


Qlil ) «hoh 

CH20H 
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Sodium formate gives pure anhydrous formic acid by distillation with sodium 
bisulphate. HCOONa + NaHSO^ = Na,SO^ + HCOOH. 

Properties. — (i) Formic acid is a colourless liquid (b.p. 101 °) with 
a pungent irritating smell. , It is highly corrosive and blisters tl«5 skin. 
It is soluble in water, alcohol and ether. It is a fairly strong acid and 
liberates CO^ from carbonates. It is a stronger acid than acetic acid. 
Its salts are soluble in water, except silver and lead formates which 
are sparingly soluble. • 

(ii) Formic acid and formates are decomposed by concentrated 
sulphuric acid, giving off CO. The sulphuric acid acts as a dehydrat- 
ing agent: IlCOOH -= CO-i-lLO. 

(iii) Formic acid and formates are strong reducing agents. Formic 
acid reduces ammoniacal silver nitrate solution on warming, deposit- 
ing metallic silver. HCOOH -f- Ag^O = 2Ag-i-C02-fH30 

It decolorises acid KMnO^ solution on warming. But it cannot 
reduce Fehling’a solution. The reducing action of formic acid which 
distinguishes ii from acetic acid points to the presence of the aldehyde 


group in the molecule. H — C — OH. • 

Its structure shows that it is unique in being both a carboxylic 
odd and an oldehAjde.* 

(iv) On heating at 400 ° sodium formate gives sodiuwi oxalate and 
hydrogen is evolved. The reaction is used in the manufacture of 
(jxnlic acid. 

H.COONa COONa 

= H.,-1- I (sodium oxalate) 

H.COONa ^ COONa 

(v) Foimic acid forms esters with alcohols; with ethyl alcohol it 
gives the estfer ethyl formate : 

lT.COOH-flIOC2ir, ^HCOOC^Hg (ethyl formate) + H^O. 

(vi) Ammonium formate on heating gives formamide : 

H(T)ONIT, = HCONHj (formamide) + H^O 

Uses. iu'id is used : (a) in tanning and electroplating, (b) in coagulat- 
ing rubbe^atex, and (I)) in dyeing wool end cotton. 

CH3COOH, has long been knowm under .the name 
of vinegar, and is formed when beer gets sour. The ruime ‘acid* is 
derived from Latin acetnm, meaning vinegar. 

. Acetic acid is formed as follows : (i) Hydrolysis of methyl cyanide 
by heating with aqueous alkali or strong mineral acid. 

CH3CN + 2H2O =. CH3COOH+NH3 

In presence of alkali, tomonia is evolved and acetate is formed, 
but in acid medium free acetic acid and ammonium salt are formed. 

(ii) Oxidation of ethyl alcohol by prolonged heating with potas- 
sium dichromate and sulphuric acid, or by passing a mixture of the 
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alcohol vapour and air over platinum black at 70°. Acetaldehyde is 
similarly oxidised. 

CH3CH3OH + O =x CIT3CHO + H3O; 01130110 + 0 OII3COOH 

(iii) Sodium methoxido, CHj,ONa, is Jiealed' in an atmospliere of cabon 
monoxide to about 180°. CHa.ONa + C = O — ^-CH^-COONa 

Acetic acid is commonly available in two forms — concentrated 
acetic acid, alco called jjlacial acetic acid, and dilute acetic acid, 
known as vinegar. Their methods of preparatiou aie different. 

Glacial acetic acid is made : pyroligneous acid. — 

The pyroligneous acid (p. 25) is neutralised with milk of lime, and 
methyl alcohol and acetone are distilled off — the solution of calcium 
acetate is then evaporated to dryness. The dry calcium acetate (grey 
acetate of lime) is distilled with concentrated sulpJjuric acid — the 
distillate contains about 50% acetic acid. 

(CH3(300)Xa + Il^S0^ - CaSO, + 2CIT3COOII 
This is neutralised with caustic soda solution and the solution is 
evaporated to dryness. The dr\ sodium acedate thus fo)ined is again 
distilled with concentrated — the distillate is glacial acetic acid. 

2CH3COONa + H3SO, - 2CLI,COon i Na.SO, 

Any water still present is rcunoved by cooling the acid in ice, when 
pure acetic acid alone solidifies as colourless ice-like (glacial) mass 
(leaving the water behind), and hence ilie name glacial acetic acid. 
Pure acetic acid freezes at 1(V7° and boils at 119°. 

V^hJT'^rom acetylene* — Acetaldehyde is first made by bubbling 
acetylene into hot 20% sulphuric acid containing a little mercuric 
sulphate, at about 70® (p. 16). The acetaldehyde is then oxidised by 
air at about 60® in presence of manganous acetate which acts as a 
catalyst. The glacial acetic acid is made by fractional distillation. 

CHsCH + HgO - CTIgCHO; CII3CHO + O = CH^COOri 

Acetic- acid can aho be obtained by interaction between CHOU and* CO 
under high presMure and temi>erat urc in ]>resenct* of catalyst. 



y CH3.OH + C - 0 . CH3-C-OH 

\/Vireparation of vinegar. — ^Vinegar is made by fpnnentatiiJii of v\eak 
ethyl alcohol with a microorganism bacterium aceU (often called 
mother of vinegar) in presence of air. Air oxidises the alcohol to acetic 
acid under the influence of an enzyme, present in the organism. 

enzyme 

CH3CH3OH + O ^ ClT.COOn + H,0 

On exposure to air (in which the vinegar organism is always 
present), therefore, beer and a weak wine gradually go sour, owing to 
the formation of acetic acid. Strong wines (containing more than 
15^' (fclcohol) such as port and sherry, do not go sour, as the organism 
c'a4*l«*^^^'SUrvive in strong alcohol. 
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In the. quick vinegar process a diluto solution (5*7 per cent) of ethyl alcohol 
if? allowed to trickle over a mass of beech wood shavings contained in a tall 
wooden vat; the shavings have previously been soaked in vinegar (which 
contains the vinegar organism) and are, therefore, covered with the mother of 
vinegar. Air circulates through the vat and oxidises the alcohol as it prickles 
down, to acetic acid. A plentiful supply of air is essential; with too little air 
acetaldehyde is formed. The temperaiuro is kept at 35°. The liquid running 
<iiit below contains 4-6% acetic acid, but by allowing the liquid to trickle a few 
limes through the vat, vinegar containing 14 per cent acetic acid may be made. 
Vinegar is never used to prepare glacial acetic acid. • 

Properties. — Acetic is a colourless liquid (b.p. 119®) with a purgent 
smell (smell of vinegar) and a sharp sour taste. Tt is corrosive and 
blisters the skin. At 16*7° it freezes to an ice-like (glacial) mass, 
called glacial acetic acid. It is soluble in water, alcohol and ether. 
Aectic acid is a useful solvent for many organic compounds, as it is 
comparatively inert towards oxidising agents. 

Reactions formation: Acetic acid is a weak acid, 
weaker than the mineral acids HCl, HNO 3 and H.^SO,. It is also 
weaker than formic acid. It is a monobasic acid and forms salts, 
known as acetates, by usual methods: 

CIT^COOH + NaOH = 

, ‘20H,,dp0H + Zu - , (CH,COO)jZn -i- H, 

Ester formation. — ^When acetic acid is heated with alcohol, 
e.g., ethyl alcohol, in presence of a. dehydrating agent,, usually con- 
cent rated TT._,SO, or HCI gas, an ester and water arc formed : 

Acid -f alcohol ester -f water 

CH,COOH-f-nOC,H 3 ^ CTT, 0000 ,ir ,4 H,0 

Ethylacetaie 

llie reaotion is reversible, and the reverse action is known as hijdro- 
hfsis. The deliydrating agents absorb the water formed, and thereby 
prevent the hydrolysis of the ester. 

1 ijTi)--A£iion of PCl^. — Phosphorus pentachloride acts on acetic acid, 
foiming acetyl chloride, CH 3 COCI, — the OH group oF the acid is 
replaced by clilorinc. 

CH^OO.OH + PCl,. = CTl^COCl + VOCl^ + UCA 

(Xi^if)^"<!tion of chlorine. — By direct action of chlorine ^the liydrogen 
atoms of tile methyl group, -CHg, in CHgCOOTt is replaced by chlorine 
in stages, forming monochloro-, dichloro-, and trichloro- ahetic acids. 

CH.,.COOH + CL = CHXI.COOII HCl 
CH^Cl.COOH + Cl, = CHCl,.COOH -f HCl 
CHCh.COOH + Cl, = CCl,.COOH + HCl 

The action is accelerated by sunlight or in presence of red phosphorus or 
iodine. Bromine reacts similarly, but iodine is without direct action upon 
acetic acid. 

Monocliloroacetic acid, CH 3 CICOOH, is important in organic synthesis, as 
the chlorine atom introduced in the CH,-group shows the reactivity of an alkyl 
halide : 
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^ofllydrolysu with moist silver oxide replaces the chlorine atom 
by OH group, giving hydroxyacetic acid or glycollic acid : 

CII^ClCOOH+AgOH = CH2(OH).COOH + AgCl 

(b) Alcoholic ammonia gives amino-acetic acid or glycine: 
Cn2ClC001I + NH3 - CH2(NH2).C00H+HC1 

(c) Alcoholic potassjum cyanide gives cyanoacetic acid. 

CH2CI.COOK+KCN == CH,(CN).COOK + KCl 
potassium chloroacetate potassium cyanoacetate 

of ethane. — An aqueous solution of sodium (or 
potassium) acetate yields, on electrolysis, a mixture of ethane and CO^ 
at the anode, and caustic soda (or potash) and hydrogen at cathode. 
This is Kolhe's method. 

CHgCOONa Clfg 

+ 211,0 = 1 i2C()., + 2NaOH + ir3 

CH3C00Na “ (JII3 

(viM^rmation of methane. — Sodium acetate on heating with soda- 
lime, gives methane. CJl3C00Na+Na01l -- CI[4 + NaoC03 

(\^i)^ormation of acetamide. — Ammonium acetate on heating 
gives acetamide, (^H.^CONII, 

^ Cir3C00XH, *Gii3(M)NJL + jr/) 

(vi^j^^ormation of acetaldehyde and acetone. — A mixlun', of 
calcium acetate and calcium formate yields acetaldehyde, on heating 
(p. Heating calcium acetate alone gives acetone (p. 41 ). 

(i^Formation of acetic anhydride. — A mixture of sodium acetate 
and acetyl chloride gives acetic anhydride, on heating. 

OIT3CO,ONa + ClCOCH3 CH3(X).().C00H3 + NaCl 

Acetic anhydride 

The reactions of acetic acid are typical of the fatty acids. 

VIJses of acetic acid. — Acetic acid is used : (i) in the preparation of acetates, 
acetic anhydride, acetyl chloride, acetone and ethyl acetate, (ii) in making 
relluloso aL'ctato rayon, (iii) in coagulating rubber latex, and (iv) in curing meat 
and fish. It is an important laboratory reagent and also a solvent. A mixture 
of glacial accticr acid and chromic oxide, CrO,, is a powerful oxidising agent. 

y^iie acetates. — The acetates (the normal salts of acetic acid) are mostly 
crystalline solids which are soluble in water. Sodium and potassium acetates 
are often used in organic reactions to convert a mineral acid into weaker organic 
acid. 0H3C00Na + HCl CH^COOH + NaCl. 

Basic acetate of copper (verdigm) is a green pigment, Basic lead acetate, 
called sugar of had because of its sweet taste, is used in medicine. Paris green 
(a mixture of copper acetate and copper arsenite) is an insecticide. Acetates of 
iron and aluniininm are nsed os mordants (i.e., substances which perve to attach 
the dye ‘fast* to the cloth) in dyeing cotton cloth. The cloth is steeped in iron 
(or aluminium) acetate solution and then steamed, when the acetates are 
hydrolysed— the acetic acid is driven off and the hydroxides of Fe and A1 arc 
deposited .on the fibre, where they combine with the dye and finally fix it. 
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(V'l^Wiictive tests for formic and acetic — 

Dry tests : Use solid sodium formate and acetate. 


Reagent 


(i) Dilute H,SO,. 

Warm 

(ii) Cone. H,SO,. 

Warm 

.(iii) Ethyl alcohol 
4 - cone. HaSO^ ; Warm 
(iv) Arsenious oxide. 

Heat* 


Formic acid 


Pungent smell of 
acid 

CO is given off; burns with 
blue flame 

CO is given off 

No action 


Acetic acid 


Smell of vinegar 

Smell of vinegar 

Fruity smell of ethyl 
acetate 

Nauseating smell of 
cacodyl oxide. 


I 


formic i 


* Cacodyl oxide test. — On heating dry acetate with a little arsenious oxide, 
AsjjO;,, a nauseating smell of cacodyloxide is^roduccd. 

Wet tests : Use neutral aqueous solutions of sodium formate and acetate. 


Reagent 


Formic acid 


Acetic acid 


(i) FcCI., solution * 

(ii) AgNO, solution 

(iii) HgCl, solution 

(iv) Acid KMnO^ aoln. 


Deep red colour 
White precipitate, blackens 
on heating • 

White precipitate of Hg^Cl, 
Decolorises 


Deep red colour 
White precipitate 

No change 
N o change 


General methods of preparation of fatty acids.- - 

(i) Oxidation of primary alcohol gives acid with the sume number of carbon 
atoms. R.ril.OH -f 0, -= R.COOH + H,0 

(ii) Hydrolysis of alkyl cyanhle with boiling alkal' or mineral aeids. 

R.( N + HD -f NaOH = R.COONa + NH, 
n.C'S + 2HD + HCl - R.COOH + NH,C1 

(iii) Hydrolysis of esters with acids or alkalis. Tlie alkaline liydrolysis, of 
esters is called saponification. RCOOCH^ + NaOH - UrOONa 4- CH3OH. 

Higher fatty acids, e.g., palmitic and stearic acids, are obtained from fats 
ami oils by this process. » 

(iv) Heckling a dicarboxylic acid having two -COOH groups linked to tJie' 
.same carbon atom. HOOCDOOH (oxalic acid) = H.COOH + CO, 

'lIOOC^-CH .-COOH (maloiiic acid) = CH,.COOH -f (X),. 

(v) Grignard synthesis of acid. — In this process is passed into a 

mixture of alkyl halide and Mg in dry ether medium, and then the mixture is 
acidified with HOI, e.g. CH.,Br Mg = CH,MgBr 


CH,MgBr ^ 0=C=0 CH.-C-OMgBr 
(JH,-CO-OMgBr + HCl _> CHj-CO.OH + MgBrCl 

The methods (ii) and (v) offer routes for preparing acids from lowp.r alcohols, 
since the alcohols may be readily converted into alkvl halides (p. 17). e.c.. 

redP&Br KCN ' H,0 . . . 

CH3OH y CH,Br ^ OH3CN ^ CH3COOH. 


IT— 4 
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Add or aqrl chlorides^ B-CT-Cl, may be regarded as acids in which 
the OH of jjie -COOH g^oup is replaced by a chlorine atom. Acid 
chlorides may be formed by the action of phosphorus tri or penta- 
chloride or thionyl chloride, SOCla, upon a fatty acid : 

SR.dOOH+PCla = aR.C0.Cl+H3P03. 

The reaction with acetic acid gives acetyl chloride, CH3COCI. 
3CH,COOH + PCI 3 = 3CH,COCl + H 3 PO 3 . 

CH,COOH + PCI3 = CH.COCl + POCI3 + HCl. # 

GH.COOH + SOCI3 = CH3COCI + SO3 + HCl. 

Acetyl chloride, CH^GOGl, is the most important acid chloride ; GH 3 GO- is 
the acetyl group. Formyl chloride, HGOGl, ia unknown. 

«V Acetyl chloride, CH3COCI, is formed by the action of phosphorus 
tn^ or penta- chloride, or thionyl chloride on glacial acetic acid. 

Preparation. — Phosphorus trichloride (40 g.) is slowly added from a tap funnel 
to glacial acetic acid (50 g.) taken in a distilling flask iittcd with a condenser 
and receiver. The receiver is attached to a soda lime tower to absorb hydrogen 
chloride fumes. The flask is gently warmed on a water bath to 40® — 50°. As 
soon as the evolution of hydrogen chlor^e slackens, the water bath ia heated to 
boiling, when acetyl chloride distils at '55°. 

Piroperiies. — Acetyl chloride is a colourless fuming liquid (b.p. 
oB"*) wife a pungent smell, and strongly fumes in moist air. Its 
uhemical reactions are : 

(i) HyArolyris: It is vigoroulsy decomposed by water, giving 
acetic acid. CH3COCI+HOH =■ GH3COOH + HCI. 

(ii) Alcoholysis : It reacts with alcohol, giving esters ; ethyl 
alcohol yields ethyl acetate, CH3COOC2H5. 

CH3CO.CI + H.OC2H3 =iCH3COOC2H3+HC1 

The univalent actyl group, CH3CO-, replaces the H atom of the 
hydroxyl group of the alcohol, yielding the acetyl derivative. Thi; 
acetyl chloride is used to detect md estimate the hydroxyl group in 
organic compounds. The process is known as acetylation. ' 

(ui) Animonolysis : It reacts with ammonia, forming acetamide. 

CH3CO.CI+H.NH2 = CH3CONH2 (acetamide) + HCl. 

Acetyl chloride also reacts with compounds containing -NHg and 
= NH groups, giving acetyl derivatives. 

GH3GOCI + H3N.GH, = CH3GONHGH3 + HGl 
Methylamine Metjfiyl acetamide 

CH3OOGI + HN(GH3), = GH3CON(OH3), + HCl 
Dimethylamine Dimethyl acetamide 

(iv) Redaction : It is reduced to acetaldehyde by hydrogen in pre- 
of paUadluxn 160 *. CH3COCI + H^H 1=, CH3-OHO +HC 1 . 
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^Acid anhydrides, R-C-O-C-R, may be regarded as derived from 
VO molecules of monobasic organic acids by elimination of a mofecule 
of water. R-CO-OH + HO-OC-R = R-CO-O-OC-R+H2O. 

But they are commonly made by heating an acid chloride with 
sodium salt of the acid. 

R-CO-Cl + NaO-OC-R = R-CO-O-OC-R + NaCl. 

Acetic anhydride, OH3CO-O-COCH,, is made by heating anhy- 
drous sodium acetate with acetyl chloride. 

CIl3COONa+ClCOCH3 - CH3CO.O.COCH3 + NaCl. 

Preparation. — ^Fused sodium acetate (50 g.) is placed in a retort fitted with 
a condenser and receiver, and acetyl chloride (40 g.) is slowly run. in from a tap 
funnel, the retort being cooled uiider water. When all the acetyl chloride has 
been added, the mixture is well stirred and then distilled. Acetic anhydride 
distils between 135® -140®. 

Properties. — Acetic anhydride is a colourless liquid (b.p. 137®) 
with an irritating smell. It does not fume in moist air, It resembles 
acetyl chloride in chemical properties, being acted on* by water, alco- 
hol, and ammonia, and amines (containing -NHg and --NH groups) 
though less rapidly. • 

Hydrolysis : CH3CO.O.COCH3 + H.OH = CH3COOH + CII3COOH 

Alcoholysis ; CH3CO.O.COCH3 -f CH3COOC3H3 -h CH, COOH 

Ammonolysis : CH3CO.O.COGH3 + H.NH3 = Cn3GONH3-f 011300011. 

Like acetyl chloride, acetic anhydride may be used for the detec- 
;*^ion of hydroxyl groups. It is a more convenient reagent for acetyla- 
.ion than acetyl chloride. 

Uses* — Acetic anhydride is used in making aspirin, but it is largely consumed 
n producing cellulose acetate for artificia] silk. 

Acetic anhydride is made commercially : 

(i) hy dehydrating glacial acetic acid by passing its vapour over a catalyst of 
^dium ammonium phosphate and boron phosphate kept at 600^. 

CH,COOH + HOOCCH, = CH3CO.O.OCCH3 -f H^O. 

'ji) hy pausing ketene into glacial acetic acid, 

CH,=C = 0 + CH3COOH = UH3CO.O.OCCH3 
jvetene, CH2 = G = 0, a gas, is made by thermal decomposition of acetone at 600°. 

CH3COCH3 — > CH3=C = 0 -f CH3. 

(iii) by passing acetylene into glacial acetic acid in presence of mercuric 
sulphate catalyst, when ethylidene diacetate is formed. It decomposed by heat 
into acetaldehyde and acetic anhydride. 

CHsCH + CH3COOH — >. CH,CH.(OOOCHj), (Ethylidene diacetate) 

CH3CH.(0C00H3)3 — > CH3CHO + CH3CO.O.COCH3. 

Acetamide, GH3GONH2, Is formed by the action of ammonia on 
ac^yl chloride, on acetic anhydride and on esters of acetic acid, e.g., 
©fliyl acetate. CH3COCI -t- HNH, = CH3CONH3 -i- HCl ' 

CH3OO.O.COCH, -f- HNH, « CH3CONH, + CH3COOH 
OH.COOC.H, -I- HNH, = CH3CONH, -f C3H3OH 
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It is usually prepared by melting ammonium acetate by heat and' 
then distilling tthe product. CHgCOONH^ = CH3C0N*Hjj+H30. 

Itoperties. — Acetamide is a colourlesq crystalline solid (m.p. 92® ; 
b.p. 222®), soluble in water, alcohol and ether. The aqueous solution 
IS neutral to litmus. Pure acetamide is odourless, but the impure 
product has a strong smell of mice. 

Chemical properties^— (i) Hydrolysis : Acetamide is hydrolysed 

by boiling mineral acids or alkalis, giving acetic acid and ammonia or 
their salts. CH3CONH3 + H3O + HCI = CH^COOH-f NH,Cl 

CH3CONH3+NaOH - CIl3COONa + NH3. 

(ii) Action of nitrous acid : Reaction with nitrous acid gives 
acetic acid and evolves nitrogen. 

CH3CONH3+ON.OII - CH3COOH + N3 + H3O. 

(iii) Dehydration by heating with PjOg gives methvl cvanide or 
acetonitrile. CH3CONH3 CH3CN-fH30. 

(iv) Hofmann reaction : Acetamide reacts with a solution of 
sodium liypochlqrite or hypobromite and caustic soda, giving methyl 
amine, OH3NH3. The reaction involves elimination of a carbon atom 
as carbon dioxide. 

CH3CONn3+NaOCl + 2NaOH - 01^3^4r3 + NaCl4•Na3C()3 + ^^3() 

Methyr cyanide, acetonitrile, (3H3(3N, is a colourless, poisonous 
liquid (b.p. 82®) with a ethereal smell, and is sparingly soluble in 
water. It is formed by : 

(i) distilling acetamide with phosphorus pentoxide. 

(ii) heating methyl iodide with an alcoholic solution of potassium 

cyanide. CH3 1 + KCN = CH3CN + KI. | 

(iii) dehydrating acetoxime with acetic anhydride. 

CH3CH - - NOH (acetoxime) — C3H,CN + H^O . 

Acetaldehyde reacts with hydroxylamine, NHjOII, giving aeeto- 
xime. CH3CHO + H3NOH -> CTl3CH = NOH + H/). 

Reactions. — (i) Hydrolysis : In presence of strong ITCl or modei 
rately strong H.^S04, methyl cyanide undergoes partial hydrolysis tS 
acetamide, and finally to acetic acid, on boiling the solution. 

‘ CH3CN f II3O - CII3CONH3 

\:)H3C0NIT3-i-H.,0 + TTCl (^H3(X)OH + NH,Cl 

Hydrolysis by boiling alkali evolves ammonia : 

CHgCN+HaO+NaOH = CH3COONa+NH3 ‘ 

Tho relation between acetonitrile, acetamide, and ammonium acetate is as 
follows ; 

Heat P3O5 

CH.COONH, CH3CONH3 ^ CH,CN 

H3O H3O ‘ 

Amnioni^um acetate Acetamide Acetonitrile v 

' ,’*(ii) Heduction^ by hydrogen in presence af-.nipkel at- 100® pr by sodium and 
gives ethylamine. CH3CN + 2 H, = CH,CH,NHa (ethylamine) 
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<) EstCfS* — When an alcohol reacts with an organic or inorganic 
acid, an ester and water are formed, just as an alkali acts on an acid 
to give salt and water. Acid + alcohol Ester + water 
CH,COOH + C,H,OH ^CH3C00C,H5 + H^O 
Acetic acid + Ethyl iQcohol Ethyl acetate + water 
(cf. CH3COOH+NaOH ^ CH^COONa+H^O). 

CaH^OH + HO.NO^ = C 3 H/)N 03 + H/). 

Nitric acid Ethyl nitrate 

Esters may be looked upon as acids in vhich the acid 
liydrogen, i.e., replaceable hydrogen atom, has been changed 
for an alkyl group, just as a salt is formed by replacing 
the acid hydrogen by a metal. But it must be made clear 
that alcohols are not bases, nor are esters salts. 

Kj^thy] acetate, GH3COOC3H- is made : (i) by 
hewing ethyl alcohol and acetic acid in presence 
of concentrated sulphuric acid which acts as a 
dehydrating agent. 

Preparation. — Equal volumes uf ethyl alcohol and con- 
centrated sulphuric acid are taken in a distilling flask fitted 
with a condenser and a receiver, and the tnixture heated on 
a oil bath to 140*’. A mixture of equal volumes of glacial 
acetic acid and ethyl alcohol is run in from a tap funnel 
at the same speed* as the liquid distils over into the receiver. 

The distillate contains ethyl acetate and some alcohol, acetic 
acid and water. It is shaken with sodium carbonate solu- 
tion when the acid is neutralised. The aqueous layer is 
sepaiated from the upper oily layer of the ester. The oil 
is then shaken with sodium chloride solution when alcohol 
]ui 5 ses into the aqueous layer, and is separated. The oil is 
then dried over calcium chloride and distilled from a water 
bath. Ethyl acetate boils at 77®. 

(ii) by boiling under reflux (fig. 4) a mixture 
of ethyl alcohol (which has been saturated with 
hydrogen chloride gas) and acetic acid for about 
half an hour and pouring the product into sodium 
chloride solution (Fischer-Speier method). The 
ester separates as an oil, which is purified as above. 

HCl acts partly as a dehydrating agent and partly as a catalyst. 

(iii) by the action of cthvl iodide on silver acetate. 

CHgCOOAg-i- IC jl, =CH3*C^00C3H, + AgT. 

(iv) by Ihe action of acetyl chloride or acetic anhydride on ethyl 
alcohol. 

CH3COCI + HOC3H3 - CH3COOC3H3 + HCI. 

Ethyl acetate is now made commercially from acetaldehyde in 
presence of aluminium ethvlate as a catalyst. 

2CH3CHO = CH3COOG3H3. 

Properties. — Ethyl acetate is a colourless neutral liquid with a 
pleasant-, fruity smell, b.p. 77^ It is lighter than water (sp. gr. 0-9 
at 20^) and sparingly soluble in it. It is soluble in alcohol and ether. 

In point of structure and in chemical behaviour it stands between 
very stable ether and unstable acetic anhydride. 
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yCJl, /C,H, .COCH, 

or 0< 

^C,H. \COCH, ^OOCH, 

Ethep Ethyl acetate 

Reactions, — (i) Hydrolysis: Ethyl acetate is slowly decomposed 
by hot water into ethyl alcohol and acetfc acid, but much more 
rapidly in presence of mineral acids or caustic alkali. 

CH3C00C2H, + H^0 ^ CH3C00H+C3H,0H 
CH3COOC2H3+*NaOH = CH3C00Na + C,H30H. 

Hydrolysis of an ester in presence of alkali, giving salt of the acid 
and alcohol, is known as saponification. 

(ii) Ammonolysis : Ammonia reacts, giving acetamide and ethyl 
alcohol. CH^COOC,H,i-HNH^ = CH3CONH2 + C^H^OH 

(iii) Alcoholysis: It reacts with another alcohol, e.g., CH3OH, 
giving ester of the added alcohol, e.g., methyl acetate, CH3COOCH3. 

CIl3COOC3H,-i-TTOCH3 =_ Cir3C00CF[3-h CallsOII 

(iv) Reduction to alcohol : It is reduced to alcohol (a) with 
nascent hydrogen by the action of sodium and alcohol (Bonveault — 
Blanc reaction), (b) by the action of hydrogen at high pressure (200 
atmosj)heres) and temperature ( 250 °) in presence of copper chromite 
catalyst. 

CH,C 00 C, 1 T, + 2 H, - CH,CH,OII + C,H,,OH 

Ester reduction offers a method to convert a fatty acid, R.COOH, 
into a primary alcohol, E.CllgOH ; in the above instance CH3COOTT 
(as ethyl acetate) is reduced to (JHgClJ/lII. 

(v) Reaction with PCL, fields acetyl cliJoride and ethyl chloride. 

01130000 JT3+ PCI* “ cn.coci) POCI3 +0311,01 

An ester is generally identified by separating and identifying the 
alcohol and acid formed on hydrolysis of an ester with hot aqueous 
alkal i . 

Ethyl acetate is used as a solvent for nitro-cellulose in the prepa- 
ration of photographic films, and in essences. A good stimulent, it 
finds use in medicine. 

Many osiers occur in fruits, flowers .and other parts of plants, 
and il is lo llieir presence generally tliat. Iho sweet smell of the 
part is due. On account of their sweet scent they are prepared artificially 
and ii.'^cd as substitutes for uatural perfumes and fruit essences. Ethyl formate 
is used as a ronsl itnciit of artificial rum flavour. Ethyl butyrate occurs in pine- 
apples. Amyl* butyrate possesses an apricot flavour. Octyl acetate is present in 
oranges. Amyl acetate bus a smell of pears and is used in making artificial 
banana oil. Many esters, such as amyl acetate and butyl acetate, are used as 
solvents, mainly for lacquers. 

Esters of nitrous acid and nitroparaflin. — The alkyl nitrites; are 
isomeric with uitroparnffins. Both have the general formula R.NOg, 
but they differ in structure : 

R --0 — ]N = O (alkyl nitrite) R — NOj (nitroparafl&n). 

Ethyl nitrite and nitroethane are isomeric, so are also methyl 
niti’ite and nitromethane. Their structures are as follows : 
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Ethyl nitrite, C,H5.0 = N0, b.p. 36^ Nitroethane, b.p. 114® 

Methyl nitrite, CH3-0 = N0, b.p. —12® Nitromethane, CHaNOj, b.p. 101®. 

The nitroparafiins may be looked upon as paraffins in which a 
hydrogen atom is replaced by a nitro group, -NOj. * They are sweet 
smelling liquids, having boiling points higher than the isomeAo alkyl 
nitrites. Nitroparaffins are prepared by distilling alkyl iodide with silver 
nitrite. Ethyl iodide gives nitroethane. 

C,H,I + AgNO, = an^NO^+Agl 

Nitrites are made by the action of nitrous acid on the alcohol. 
Ethyl nitrite is obtained by the action HCl on a mixture of ethyl 
alcohol and sodium nitrite, when nitrous acid is liberated. 

CalT.OlT+HO.NO — > C^H.ONO -f H^O 

Chemically, they arc distinguished by reaction with: 

(i) Aqueous caustic alkali : Alkyl nitrite is hydrolysed by the 
alkali, while the nitroparaffin dissolves in the alkali, forming a salt. 
Ethyl nitrite C^H.ONO + NuOTI C.H,OH + NaNO, 

Nitro ethane C 2 lENO.,+NaOTI CoH^NaNO., (sodium nitro ethane) 

+ H 2 O 

(ii) Reduction with nascent hydrogen : Alkyl nitrite gives alcohol 

and 'hydroxylaminc, NII^OH, while initroparaffiil gives a primary 
amine. * 

Ethyl nitrite C^H^ONO+ffl = C..H,()ir-f- Nn,OH 

Nitroethane (yi.NO^ + OH - (Uf.NH. 1*211.0 

Both etliyl nitrite and amyl nitrite are used in medicine in case of 
licai’t disease, as they cause relaxation of muscles and expansion of 
blood vessels. 

Glycine, glycocolh aminoacetic acid, Cl£.^(Nil2)C00H, is present in the 
urine of horse as hippuric, acid or benzoyl ^lycmc, C^jlLCO.NHCHaCOOH. ’ It 
is made by the action of alcoholic sohition of ammonia on chloroacetic acid, 
OH3CICOOH. 

CIIXICOOH + 3NH, - CHdNHJCOONlI, + NH^l 

The aqneons solution of the ammonium salt of glycine is boiled with copper 
carbonate and liltered — the filtrate on cooling deposit.^ sparingly soluble deep blue 
crystals of copper salt of glycine. Glycine is obtained by passing HaS through 
the hot solution of this salt, filtering from copper sulphide, and concentrating 
the solution. 

(CH,MHXOO)Xn -f II,S - 2CH,NHd;0()H + CuS 

Glycine is a colourless crystalline solid, soluble in water. It has a sweet 
tasle. ItSi aqueous solution givi?s a deep-red colour with ferric chloride solution. 
Glycine .cpntain.s a -COOTI group and hence posse.'^ses acidic properties, and a 
primary amino group, -NH^j which confers basic properties. ^ It is, therefore, 
neutral to litmus. Being amphoteric in nature, it forms salts with both acids and 
bases. HjSjCHXOOH + IICI = HCl.HjNCHgCOOII Qlycine hydrochloride. 

H3NCHXOOH + NaOH - H^NCH^epONa + H X 
sodium aminoacet ate 

It forms an internal salt wdth itself, e.g., CHa — NH3 

1^0-0 

It acts like a primary amine in its reaction with nitrous acid, giving off 
nitrogen. HONO + H^N^H^COOH = (H0)CH3C00H + N, + Ufi 
It gives methvlamine on heating with soda lime : 

CH3(NH3)C00H = CH3NH3 -f CO3. 
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Alanine, a aminopropionic acid, CH 30 H(NH 3 )C 00 H, is another amino acid, 
and resembles glycine in chemical behaviour. The amino acids are of great 
interest in relation to proUins which are complex nitrogenous organic substances 
present in animal and vegetable tissues. Protein is an indispensable article of our 
diet. Protein on hydrolysis yields a mixture of amino acids. Our knowledge of 
proteins 'is mainly due to the pioneer work of Emil Fischer. 


X 

FATS AND GLYCEROL 

Fats and oils. — ^Fats and oils are glyceryl esters of fatty acids 
(usually of high molecular weight such as palmitic acid, 
CH 3 -(CH,) -COOH, and stearic acid, CH,-(CH,)^,-COOH. 

Glycerol is a trihydric alcohol and reacts with a fatty acid, 
KCOOH, yielding glycerol esters, known as ghjcrridcs. 

CH 3 OH HOOC.Jt CK.JO.OCJX 

CHOH + HOOC.R CHO.OCK + 3 H 3 O 


CH 3 OH HOOC.R (11,0.0011 

The glycerides are named as follows : f,rintearin (tristearie ester of glycerol), 
tripalmitin (tripalmitic ester of glycerol), and triolein (trioleic ester of glycerol), 
etc. Stearic and palmitic acids are i*aturafpfl fatly acids; oleic acid, 
CH 3 -(CH 2 ),-CH = CHdCHjjy-COOH, contains two hydrogen atv-ms les-s than 
stearic acid and is called an vnsatvrated fatty acid. 

The formula for tripalmitin and tristearin arc : 






CH^aOC-C^H,. 

Tripalmitin 


Tristcariii 


Stearin (m.p. 71*) and palmitin (m.p. 60®) arc solids, while olein, an unsaturated 
glyceride (m.p. 17°) is a liquid at the ordinary temperature. The glycerides of 
saturated fatty acids are generally solids, whereas the glycerides of unsaturated 
fatty acids liquids. Stearin, palmitin and olein constitute tlie main bulk of fats 
in ^ood and in body fat. The animal fats beef, mutton tallow and lard chiefly 
consist of the above glycerides. Palmitin is the main constituent of palm oil, 
and olein of olive oil. 

Fats and oils are lighter than v/ater and are insoluble in it. They are. 
however, soluble in organic solvents such as carbon tetrachloride, benzene, acetone,, 
ether, etc. The fats and oils are obtained from both vegetable and animal 
sources. Animal fats ^re obtained by boiling the chopped animal tissues with 
water, when the fab separates as a top layer. The vegetable oils, e.g., olive oil, 
linseed oil, groundnut oil, etc., are extracted by mechanically crushing and 
pressing the seeds'or fruits of certain plants. Alternatively, they can be extracted 
by solvents such as benzene, carbon tetrachloride, etc. The vegetable oils have 
relatively low melting points and are usually liquids in comparison to animal fats, 
because the former contain, a high proportion of un-saturated glycerides. 

There is no difference between fats and oils ; the fats are solids at the 
ordinary temperature, whereas the oils are liquids. Cocoanut oil is usually a fat 
in temperate zone and an ‘oil* in tropics. In our country cocoanut oil is a fat in 
winter and an oil in summer. 

Certain vegetable oils such as linseed oil and tung oil, slowly absorb oxygen 
from the air and change into a resinous film, when spread in thin layers on some- 
surface such as wood which is exposed to air. They are called drying oils and 
are used in making oil-paints (which are suspensions of pigments in linseed oil! 
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usually). Oil cloth is made by covering cloth with linseed oil and allowing it 
to dry in air. 

Hydrogenation of oils. — ^The chief difference between au oil and 
a fat is that the oil contains a greater proportion of unaaturated 
glycerides such as triolein, et^?. The glycerides of saturated fatty acids 
are mostly solid fats which are in great demand for the preparation of 
soaps and candles, and as a butter substitute. Now, oleic acid contains 
two atoms of hydrogen less than stearic acid, and the unsatiirated 
glyceride, triolein, a liquid, may be reduced to* tristeariii , a solid, by 
the action of hydiogen in presence of nickel catalyst. 
CH,0-0C-(CH,),-CH = CIi.(CH..),-(qi . Clf,0-0( '-r, , H , 

! ' ‘ I . . .. 

("HO.(3C-(CH,),.CH = CH-(CH,),-rH, -f 3H, - . 

' ■ " I ■ 

CH,0-0C-(CH3),-CH = CH(CH,),-CH, CH,0.0C-C„H,,. 

Triolein (liquid) Tristearin (solid) 

Industrially, the liquid fatty oils, usually vegetable oils (which are 
lieli in unsatiirated glycerides), are treated with pure hydrogen under 
[iiessure at about 200® in presence of finely divided nickel catalyst. The 
uiisaturated glycerides combine directly with hydrogen to give satu- 
lated glycerides. The result is solid fats. The nickel is removed by 
filter-pressing the hydrogenated (or hardened) oil. ^Phe process is 
know’n as hydrogenation or hardening of oils. Hydrogenated vegetable 
oils, mostly groundnut dil, called ‘Vanaspati* in India, is produced 
in large amounts and is consumed mainly for cooking piirppses. 

VBlitter. — Butter fat (from co\v\s milk) cousisis mainly of stearin, palmiiin and 
olein (about 90 per cent), with about 7 per cent tributyrin (glyceride of butyric 
aci<l). On keeping butter slowly becomes rancid due to liberation of free butyric 
.irid by hydrolysis of butyrin. The rancid butter becomes unfit for use because 
of disagreeable smell of butyric acid. The butter may be renovated by washing it 
with sodium bicarbonate solution which removes the butyric acid or by blowing 
sfeani through molten butler which volatalisos butyric acid. 

— Soap is a sodium (or pota.ssiiim) salt of higher fa. 1 ty acids such a.s 
palmitic, and stearic acids. Sodium salts give liard soaps, such as are used in 
toilet and washing soaps, whereas potassium salts make soft soaps and are used 
for the preparation of shaving soaps. Soap is soluble in water and the solution 
has cleansing properties. 

Soap is made by saponification (alkaline hydrolysis) of fats and oils by 
boiling with caustic soda solution, when the sodium salt of the fatty acids, i.e., 
s(»ap is formed and glycerol is set free : 


CH,0.0C.C„H3, CHfiK • 

CHO.OCA,H,, + 3NaOH = (TIOH + 3r,,H,.rOONa 



CH,0-0C.C„H„ CH 3 OH 

Tristearin Glycerol Soap 

A mixture of fats and oils, e.g., a mixture of tallow, groundnut oil and 
cocoaniit oil, is boiled with a slight excess of caustic soda solution in a kettle 
which is heated by steam pipes until saponification is complete. Common salt is 
then added to precipitate the soaprfrom the solution (‘salting out’). Two layers 
separate — ^the top layer is soap and the bottom aqueous layer contains the 
dycerine, salt and unused alkali. The aqueous layer, known as soap lye, is 
Irawn off and is used for the recovery of glycerine. The fluid mass of soap 
s then run off and allowed to solidify in slabs, and then cut into bars, and dried, 
ind may be used ae washing soaps, In order to make toilet soaps the bars are 
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shredded into soap chips^ 'which are dried and uniformly mixed with colour and 
perfumes and finally made into cakes. 

In the cold jyrocess a mixture of tallow and cocoanut oil is saponified with 
strong caustic solution at ordinary temperature — ^the entire mass sets to a hard soap. 

Iransparent soap is made by dissolving soap in methylated spirit; a*fter 
driving oft the alcohol the liquid sets to a transparent mass on cooling. 

Hydrolysis of fats and oils* ’—The hydrolysis of fats to prpduce fatty acids 
and glycerine is carried out by heating with water under pressure in presence of 
lime or magnesia. The fatty acids separate at the top and are removed, the 
aqueous bottom layer contains glycerine : 

Fats and oils + H^O ^ glycerol + fatty acids. 

The fats also undergo similar hydrolysis in presence of Twitcheirs reagent 
(complex organic acids) or the enzyme lipcuse present in castor seeds. Hydrolysis 
by heating with aqueous alkali produces salts of fatty acids (soap) and glycerol. 
The alkaline hydrolysis is known as saponification, j.e., soap making. Hut the 
term saponification is applied to hydrolysis of esters generally. 

Stearic acid, made by splitting of fats, is used in making candles and face 
creams. 


The fiits and oils, also called * fixed oils' as they cannot be ordinarily distilled 
off, should be distinguished from : (i) miiueral oils which are petroleum products, 
e.g., petrol, kerosene, etc., and (ii) essentiol oils, which are fragrant volatile 
constituents of certain plants, e.g., oil of turpentine, oil of wintergreen, oil of 
cinnamom etc. 

''^/fSixes. — Waxes differ chemically from fats and eils in being esters of higher 
nionohydric alcohols (of the methyl alcohol series) and higher fatty acids, e.g., 
haes irax consists chiefly of palrnitjile of niyricyl alcohol (C, OH) jiikI 
Spermaceti (found in the head of sperm whale) is mainly palniitate of cetyl 
alcohol (C^aHaa.OH). 

x/»lyceroI, glycerine, (^ 3 ll 5 (OH) 3 , is the common constituent of all 
flits iind oils (p. 56) which are the main soiii’ce for its preparation. 

Fats and oils on hydrolysis give glycerol and fatty acids (p. 58). 
After the separation of the fatty acids or their salts, the aqueous liquor 
is worked for glycerol. The soap lye (p. 57) which contains 5-8 per 
cent glycerol, common salt and free alkali, is the chief source of 
glycerol. The soap lyc is acidifie d, and filtered from the insoluble 
fatty and resinous matters", and then neutralised and concentrated 
under reduced pressure in vacuum evaporators to a thick syrup — tlie 
salt crystallises out in course of evaporation and is removed. Tlie 
crude glycerol is purified by distillation under reduced pressure in a 
current of steam. The disti^ate which contains purii glycerine and 
also some water, is evaporated in a vacuum pan to vtnnove the water, 
and pure glycerine is obtained. 

A small' amount (about 3 per cent) of glycerol is present in the products ()f 
alcoholic fermentation (p. 26). But the yield of glycerol may bo made as high 
as 30%, if fermentdtion is carried out in presence of sodium sulphite. Germany 
made glycerol by this process during the first global war, when she was short 
of fats. 


Propylene from cracked petroleum is used in making synthetic glycerol. 
'y^Properties. — Glycerol is a colourless, viscous liquid (sp. gr. 1*26 
at 15®) having a distinctly sweet taste. It boils at 290° with slight 
decomposition, and hence it is distilled under reduced pressure or in a 
currept of steam. It is very hygroscopic and is soluble in water and 
alcohcl, but not in ether. It is a trihydric alcohol, and exhibits the 
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chemical properties of alcohol, but in a threefold degree. Thus, it 
forms glycerol trichloride with PCl^, and glyceryl triacetate with acetic 
anhydride. 


CH,OH 

ClI.Cl 


CH.O-COCH^ 

OEOH 

j 

CHCl 


CHO-COCII, 

CH 3 OH 

Glycerol 

CH,C1 

Glycerol trichloride 

OHaO-COCH, 
Glyceryji triacetate 


Tests. — (i) Acrolein test : On heating with powdered potasaiuzn bisulphate, 
glycerol evolves acrolein, CHj = CH-CHO, having a pungent and imtaiing smell. 

CH,OH-CHOH-CIL,OH — >. CH, = CH.C 1 I 0 + 2H,0 

(ii) Borax-phenolphthalcin test — The pink colour that develops on adding 
phenolplilhalein to an aqueous solution of borax, disappears on adding glycerol. 
But the colour reappears on heating. 

Uses. " ^llycerol is mainly used iu making nitroglycerine, and hence explos- 
sives. Bui. glycerol has otlicr uses also, e.g., in the preparation of plastics, toilet 
soaps, cosmetics, copying ink, water-colour pigments, shoe polish, etc. ; as an 
anti freeze in motor car radiators; in ga.s meters to avoid evaporation (in summer) 
and freezi^ (in winter) ; to preserve fruits and tobacco; and also in medicine, 

V^Hfroglycerine, Nobors oil, 03 H^( 0 N 02 ) 3 , is made by slowly add- 
ing pure glvc.erol to a Avell-cooled mixture of concentrated sulphuric 
acid and fuming nitric acid. The temperature must rfot rise above 80'’ . 
The mixturo is ailowe?! to stand, wht-n nitroglycerine forms a layer on 
the sin face. It is run* into water, where it separates as a heavy oil. 
7t is washed with water and then sodium carbonate solution to remove 
all t»‘nces of acid and linally dried over anhydrous sodiuln carbonate. 

Ticuuj hirjlihf r.rplamvc, it is an extremely dangerous substance., 
aad its jnTpnrnlinn is safe only to expert ehemists. 

nr., on uo.no.. cilo.no, 

I ' ■ I ' “ 

(!EI()IT ! lio.yo.. OIIO.XO., -}-e8tJ..O 

•I ‘ I ' ' 

(]H,oir iro.xo, on.o.NO., 

Nitroglyec'riiie is really an ester of nitric acid, namely, glyceryl tri- 
Jiitrate, hut is incorrectly called nitroglycerine. 

It is a lieavy colourless liquid. Tt explodes violently when 
suddenly lieatcd, or struck or detonated. Nitroglycerine alone is nn- 
suited for use as an explosive, as, it is likely to explode under 
me(*.liani(*.al, shock. Mixed w’ith kiselguhr (a porous siliceous eartli 
which absorbs nitroglycerine) it forms dynamite , which* it is safe to 
handle and transport. Nitroglycerine is used in making cordite 
(smokeless gunpowder’) wliich is a mixture of nitroglycerine (30%), 
guncotton and vaseline (5%). Nitroglycerine is used in 

medicine in cases of heart disease. 

AvGlycOl, ethylene glycol, CHjOH.CIIjOH, i.s a dihydric alcohol, 
and is made in the laboratory by hydrolysis of ethylene dibromide by 
boiling with K^COg solution. The glycol is separated by distillation. 
CHgBr ^ OH.,OPT 

+ H«0 + K,C 03 - " H-2KBr+CO, 

CISJBt CH,0H 
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Ethylene is oxidised to glycol by cold dilute alkaline potassium 
permanganate solution (p. 13 ). 

C,p^=CHa+HaO + 0 = CHaOH.CH,OH 

Glycol is made commercially by hydrolysis of ethylene chlorohydrin by 
sodium bicarbonate Solution. Ethylene chlorohydrin is first made by the action 
of hypochlorous acid upon ethylene (obtained from cracked petroleum). 

CH,=CH, + HOCl = CH,Cl.CH,OH (ethylene chlorohydrin) 
CILQl.CH^OH + NaHC 03 = CH^OH.CHaOH + NaCl + CO^ 

— Glycol is a colourless, viscid liquid (b.p. 197 ® ; sp. gr. 
1 - 125 ) with a sweet taste, (and hence the name: Greek glukusy 
sweet). It is hygroscopic and is soluble in alcohol and water, but 
very sparingly in ether (cf. glycerine). 

Glycol contain two primary alcoholic gro\ips and exhibits alcoholic 
properties in a twofold degree. Metallic sodium gives mono- and di- 
sodium glycollate, with liberation of hydrogen, e.g., CH^OH.CHaONa 
and OHjONa.CH^ONa. Acetyl chloride similarly gives glycol mono- 
and di-acetate, e.g., CH20H.CH,0.C0CH3 and ^^.(O.COCHg). 
CH^.(0.C0CH3). PGI5 gives ethylene dichloride, CHgCl.CHaCl. 

CH2OH.CH3OH + 2PCI3 rr C’H,,Cl-CH 3 Cl 4 - 2 POCl 3 + 2HCl 

Hut HCl replaces only one hydroxyl, giving ethylene chlorohydrin, 
Cif/lH.CHaCl. 

CH3OH.CII2OH + IICI - CH.OH.GH^CI + HsO. 

On heating with strong caustic soda ethylene chlorohydrin gives 
etlivlene oxide. 

CH.OH CH- 

I ' +NaOH = I >0 (eth\lerie oxide)-f-NaCl-f-H30 
GT-I,(.U CH/ 

Glycol, a di-primary alcohol, can give various products by succes- 
sive oxidation of the ClIjOH groups into -CHO and then -COOH 
groups, e.g. 

CII,OH CIT.OH (^IIO CHO COOH 

CHO . (X)OH (’HO COOH COOH 

Glycollic aldehyde Glycollic acid (Jlyoxal Glyoxalic acid Oxalic acid 

As glycol freezes at —11-5®, it is used as an anti-freeze in motor car radiators. 
It is used as a cooling liquid in aeroplane engine, and for de-icing aeroplane. 
It is also used as a solvent. 
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•^AMINES 

The amines, — The amines are derivatives of ammonia in which 
one or more hydrogen atoms are replaced by alkyl groups, such as 
methyl, -CH,, ethyl, -CjH,,- etc. There »Rre three types of amines^ 
as illustrated by three methylamines. 


CH3NH, (OHd^NH (CH3),N 

. Methylamlne ^ Dimethyamine Trimethylamine 

(Ppmaey amine) (Secondary amine) (Tertiary amine) 
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They are called primary, secondary and tertiary amines, accord- 
ing as one, two or three hydrogen atoms of ammonia«are replaced by 
alkyl gi*oups. A primary amine contains the amino group, -Itfffa, a 
secondary amine the iminq gio\ip, —Nil, and a tertiary amine the 
mtrile group, == N, in the molecule. 

Preparation of amines. — The amines may be prepared by : 

(i) Alkylation of ammonia by heating aji alkyl halide, such as 
methyl iodide, CH,!, with alcohoiic ammonia (alcohol saturated ^vitll 
ammonia) in a sealed tube (Hofmann's method). Three classes of 
amines as well as a tetra alkyl ammonium salt are formed together 
‘in the reaction. 

NH3 + CH3I = CH3NH3 -f HI 
CH3NH3 + CH3I (OHd^NH + HI 
(CH3)3NH + CH3I =. {CIl3)3N + HI 
(CHjIjN 4 * Cllil = (Tctramethyl ammonium 

The alkylation of ammonia may also Iw rarrieil out by passing a mixture of 
akoliol vapour and ammonia over heated thoria (Sabeticr*s method). 

CH3OH + NH3 = CH3NH3 + H3O 

(ii) Reduction of nitroparaflins with tin and hyctrochloric acid (or 
sodium and alcohol) gives primary amines. 

. + ~ f 2H,0 

(iii) Reduction of alkyl cyanide gives a primary amino (Mondius 
leaction). Ileduction is done by sociiiim and alcohol or by hydrogen 
in presence of heated nickel : Cl f., ON 4-211., = CHgC'HgNH.j. 

Oximes on similar reduction give primary amines. 

0ir,0H--N0Il42H, - + 

(iv) Hydroly.si.s of alkyl isocyanate by boiling aqueous alkali gives a primary 
amine (Wurtz’s method). 

CH3-N = C ==0 (methyl isocyanate) + 2 KOH - CH3NH3 + K^CO, 

(v) Hofmann’s reaction offers the readiest method to prepare a 
primary amine from the amide of a faftv acid. The method consists 
in heating the acid amide with an alkaline solution of sodium h\])()- 
ehlorite or hypobromitc. An atom of carbon is eliminated from the 
amide and a primary amine results. 

ClT3CONH2 + Na()Br - GH^NlL + COa-f-NaBr 

Acetamide first forms acetobromamide, ClTjCONHBr.* The aceto- 
bromamido* then splits off TIBr and methyl isocyanate, ■(), is 

formed by atomic rearrangement. The methyl isocyanat(^ is hydro- 
lysed by alkali, giving metliylamino. 

CH 3 CONH 2 + NaOBr - CH^CONHBr -t- N aOH 
CH^CONHBr+NaOH = Oir,NOO-hNaBr 4^,0 
CHNCO 4 21SlaOH = CH 3 NH 2 4 Na^CO, 

The reaction may also be carried out, using bromine and caustic 
alkali, as follows.: Dilute aqueous caustic potash (10%) is slowly added 
to a cold solution of equal weights of acetamide and bromine until the 
colour of bromine disappears. Acetobroiiiatnide resilHs. 

CH.CONH, + Br* = CH,C0NHBr + HBr 
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The solution is then heated with a concentrated solution of potash^ 
when a strong ^moniacal but slightly hshy smell of methylamine is 
notice^. 

Propionamide, CH-CH-CONHa, sii^ilarly gives ethylamiue, 
CH3CH2NH2. 

CH3CH3CONH34-NaOBr = CH3CH3NH3 + CO;,+NaBr 

(vi) A direct reaction of a fatty acid witli hydrazine, N^H, gives primary 
amine in excellent yield. OH.COOH + N,H = CH 3 NH, +00, + N,. 

Methylamine may be obtained by heating ammonium chloride with excess of 
formaldehyde at 130”. 2 NH,C 1 + 3HCHO = 2 CH 3 NH 3 .HCI + H^O + CO, 

Properties of amines. — (i) The lower members, such as methyl 
amine, CH3NH2, and ethyl amine, CgHgNJIa, are inflammable gases, 
which are readily soluble in water. They have a strong fishy-ammo- 
niacal smell. 

(ii) The amines are monoacid organic bases. They arc stronger 
bases than ammonia. Their aqueous solutions turn red litmus blue. 

CHgNIL + H,0 ^ (CH3NH3)0H ^ (CH3NH,)+ 

(cf. NH3 +H3O ^ (NHJOH ^ NH,+ +OH-) 

Like ammonia, the amines form crystalline salts with mineral 
acids, which are readily soluble in water, c.g., methylamine hydro- 
chloride, (CH3NH3)C1, methylamine sulphate, (CH3K 113)380,. They 
form salts with chloroplatinic acid, HaPtCl^, e.g., methylamine chloro- 
platinate, (CH3NHa)2.PtCl3, (c/. ammonium chloroplatinate, 
(NHJa.PtClg). The chloroplatinnates are used in determining the 
molecular weight of amines. 

. (iii) Action of nitrous acid. — A primary amine reacts with nitrous 
acid, giving alcohol, nitrogen and water. 

HONO^' =CH, 0 H+N,+H ,0 

Nitrous acid acts on a secondary amine, giving a yellow oil, called 
nitrosoamine. (CH3)2NH + HONO = (CH3)3N.N0+H30 

Dimethyl nitrosoamine 

Nitrous acid is without action upon a tertiary amine. Nitrous 
acid, therefore, serves to distinguish between three types of amines. 

(iv) Acetylation. — Acetyl chloride (or acetic anhydride) acts on 
primary and^ secondary amines to give amides, but is without action 
on a tertiary amipe. 

CH3NH.H-C1C0CH3 = CH3NH.COCH3 fmethyl acetamide) + HCl. 
(CH3)3NH‘+C1C0CH3 =;(CH3)3N.C0CH3 (dimethyl acetamide) + HCl. 

(v) Carbylamine reaction. — ^When a primary amine is warmed 
with chloroform and alcoholic potash, a carbylamine or isocyanide 
having intolerable smell is formed, (p. 22). 

CH3NH3+CHCl3-t-3KOH = CH^NC + SKCl+SH^O 

Methyl isocyanide 

Secondary and tertiary amines do not give carbylamine reaction. 

(vi) Methylatton. — A tertiary amine reacts with only one molecule 
of methyl iodide at ordinary pressure to give what are known as 
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quaternary ammonium iodides. Trimethylamine, (CIl 3 ) 3 N, gives the 
quaternary ammonium salt, tetramethyl ammonium iodide, NfCH-).!. 
(GIl3)3N + CH3l i N(CH3),1 

The quaternary ammonium salt is undecomposed by hot caustic 
alkali, but reacts with moist silver oxide, giving quaternary ammonium 
hydroxide. N(CH 3 );[-h AgOH = N(CH 3 )^OH + AgT 

The tetramethyl ammonium hydroxide, N^CH 3 )^OII, is a strong 
base, and gives tri-methyl amine on heating: 

N(CH3\oH ^ N(CH3)3 + CH 30 H 

Primary and secondary amines, however, on heating with methyl 
iodide under pressure in a sealed tube, give tertiary amines and finally 
quaternary ammonium iodides. 

Test for amides and amines. — The reactions stated above serve to distinguish, 
between primary, secondary and tertiary amines. 

An amide on alkaline hydrolysis evolves ammonia (p. 51), but a primary 
amine, e.g., CHaNHj, is not hydrolysed with acid or alkali. Both amide and 
primary amino react with nitrous acid, evolving nitrogen, but the amide gives an 
acid (p. 51) and an amine an alcohol (p. 62). Amines readily form salts with 
aqueous solutions of acids, but amides do not. ^ 

• XII 

* * DIBASIC ACIDS 

The dicarboxylic acids contain two -COOH groups and hence two 
replaceable hydrogen atoms ; tliey* are therefore, dibasic acids. The 


COOH 

^COOH 

CH,— COOH 

1 

CH, 

1 and so on. 

COOH 

\C00H 

OH,— COOH 

Oxalic acid 

Malonic arid 

Succinic acid 

Oxalic 

acid,TK)OC-CO()H.- 

—Wood sorrel and other plants con 


tain potassium hydrogen oxalate, sometimes called salts of sorrel. 
Calcium oxalate crystals are found in certain plant cells. 

Pre'paration. — (i) In the laboratory oxalic acid is made by gently 
heating cane sugar with concentrated nitric acid. 

= fi(COOII)3 + 511.0 

Strong nitrje acid (200 c.c.) is taken in a largo flask and heated on water bath. 
The flask is, removed to a fume cupboard and 50 grns. of cane sugar added. 
Torrents of brown fumes are evolved. After the reaction has ceased,* the solution 
is concentrated in a basin on a water bath. Large crystals of oxalic acid separate 
on cooling, 

* (ii) Commercially, oxalic acid is made from : (a) Pine sawdust by 
heating (avoiding charring) with caustic soda in iron pans to about 
250® — fused alkali oxidises cellulose (in the sawdust) into sodium 
oxalate. The fused mass is extracted with water. The solution con- 
tains sodium oxalate, which on boiling with milk of lime precipitates 
calcium oxalate. The calcium oxalate is separated and decomposed by 
calculated amount of dilute 

Ca(COO) 3 +H 3 SO, = CaS0,+(C00H)3 
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The CaSO^ is filtered off. The filtrate oa concentration and cooling, 
gives crystals of oxalic acid. 

(1^ Sodium formate (p. 44) by heating to 350° -400^ when sodium oxalate 
is formed. Oxalic acid is made from the sodium oxalate in the same way as 
in (a) above. 2H.COONa = H, + (COONa)^ 

Properties. — (i) Oxalic acid crystallises from water in colourless, 
hydrated prisms, (COOH)2, 2H^O. The crystals of dihydrate lose water 
of crystallisation at 10^)® and become anhydrous. But at higher tem- 
peratures it decomposes into formic acid and carbon dioxide. 

HOOC-COOH = H.COOH + CO2 
It is soluble in water and alcohol, but only sparingly in ether. 

(ii) Heating with cone. H^SO^ decomposes oxalic Jicid, evolving 
CO and CO2. HOOC-COOH = H^O + CO^ + CO. 

(iii) It is a dibasic acid and forms normal salts, e.g., potassium 
oxalate, K^CjO^, soluble in water, and acid salts e.g., potassium 
hydrogen oxalate, KHCjO^, which is less soluble. 

(iv) Oxalic acid rapidly decolorises potassium permanganate solu- 
tion ill presence of dilute sulphuric acid, on w arming, and is thereby 
oxidised to ( -02 and water. The reaction is used in volumetric analysis. 

^KMnO^ + BH^SO^-i-SHaC^O^ = K^SO, + 2MnS(), -f-BH^O + lOCO^ 

(vj Reaction with PCI5 gives oxalvl chloride, (COCl)^, b.p. () 4 ° 
HOOC-COOH .h 2 PC 1 , = ClOC-(V)Cl-f 2POCI3 + 2HCI 

(vi) Est(‘rs are made by distillipg oxalic acid with alcohol. Ethyl 
alcoliol gives ethyl oxalat( 3 , a* liquid, b.p. 186 ®. 

COOH COOCoH, 

I +2C2H3OH 1 ' +211., 0 

COOH COOC^JJ, 

Methyl oxalate is a solid, m.p. ol®. 

(vli) Ammonium oxalate on heating giv^es oxainide, (OONn.^).,. 

H,NOOC-COONH^ 3= H2NO(:.-C()\ir2 + 2 H 20 

(viii) On heating with oxamicle gives off cyanogen, (CN)^, 

a poisonous gas. Cyanogen is the nitrile of oxalic acid, as it yields 
oxamide and finally oxalic acid on acid hydrolysis. 

CN ^H^O CONH2 H^O COONH, acid COOH 

(ix CONII2 U^t n)()NH, ^ COOH 

(ix) A neutral solution of an oxalate gives a white precipitate of 
calcium oxalate with CaCla solution ; the precipitate is insoluble in 
acetic acid. Reactions (ii), (iv) and (ix) are used as tests for oxalic 
acid. 

Oxalic acid and its salts are poisonous. 

Uses of oxalic add. —Oxalic acid is used in printing and dyeing, in making 
inks and .meted polish, in removing ink stains, and fo*’ bleaching straws for hats.' 
Potassivm fjvadro oxalate, KHCj0,.HjCa0^.2H20. also known as salts of sorrel, 
or lemon, is used to remove ink stains and ink moulds. Potassium ferrous 
• oxalate, K 2 Pe(Ca 0 da.H 30 , is a photographic de\ eloper. 
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Maibnic add, HOOC-CH3-COOH, occurs as calcium salt in beet root. It ie 
synthesised from monochloro-acetic acid (p. 47J. On boiliiijr with KCN. potassium 
chloroacetate gives potassium cyanacetate, which on hydrolysis* with boiling HCl 
gives malonic acid. It is a solid, m.p. 132®. • 

CH.Cl.COOK -f*KCN := CH,(CN).COOK + KCl 
CH,(CN).COOK + 2HaO + 2HCI = CH,.(COOH), + NH^Cl + KCl 
Malonic acid loses carbon dioxide on heating : 


IIOOC-CH^-COOH = GH3.UOOH.4- CO, 

This illustrates that a polybasic acid having two -COOH groups linked to 
the same carbon atom, loses CO, on heating. 

Malonic eMer, diethyl malonatc, CH^.ICOOCJIJ,, oily liquid, b.p. 198°, is 
.well-known for its synthetic uses. 

Sluccinlc^acidy HOOC-Cno-CHo-COOH, is present in lignite (fossil wood) and 
in many plants. It was first obtained by distillation of amber (^Latin, succinum) 
and hence the name. It may be synthesi.scd from ethylene in the following way : 

CH, Br, CH,Br KCN CH,CN H,0 CILCOOH 

OH, OH.CN CH^COOH 

Ethylene can be obtained by dehydrating ethyl alcohol (p. 29). 

Succinic acid is a crystalline solid, m.p. 185®, sparingly sqliiblo in cold water, 
alcohol and ether. On heating it gives suceniic anhydride, which is converted 
into the acid on hydrolysts with boiling water. 

CH,,CQOH CH,~.CO. 

I /O (succinic anhydride). 

H,.COOH 4-n/) CH,— GO^ 

Succinic acid is used for standardisation of alkalis, 

•Ureaj carbamide, 112N-(X)-Nrf2, is iouud in tlie urine of mammals 
and Tir carnivorous birds and reptiles. It occurs in human urine — an 
adult passes out 30 grns. of urea dailv. 


Being one of the final decomposition products of waste nitrogeneous material 
of the body, urea is a compound of great physiological interest. 

CarJjQn^J, chloride,. COCI2, reacts with ammonia, giving urea. The 
reaction shows that urea is a diamide of carbonia acid. 


Cl ^^^2 

CO + 2NH3 + 2NH3 CO + 2N U,C1 

\ci 


yOU yOH /NH, 

CO — > CO — CO 

\0H 

Carbonic acid Carbainic acid Carbamide* 


Preparation. — (i) Urea may be isolated from human urine by 
evaporating to a residue on a waterbath, and then extracting the 
residue with alcohol w^hich dissolves urea. The alcoholic solution on 
evaporation gives urea. * 

(ii) The synthesis of urea from ammonium cyanate by Wohler in 1828 is of 
historical importance (p. 1), it being the first organic compound to be prepared 
artificially. 

An aqueous solution of ammonium cyanate (or a mixture of potassium 
cyanate and ammonium sulphate in equimolocular amounts) on evaporation to 

II— 6 UTTAIPARA 
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•dryness on a water bath gives urea. The residue is extracted with alcohol which 
dissolves urea. The alcoholic solution yields urea on evaporation.' 

^ * NH.CNO = NH.-CO-NH, ; 

Ammonium cyanate changes into urea by atomic rearrangement. Ammonium 
cyanate and urea are isomeric with one another.*' 


Urea is made commercially by heating to 130 ®- 140 ° a mixture of 
ammonia and carbon dioxide under a presseure of 150*200 atmospheres. 
Ammonium carbamate •first formed decomposes into urea and water. 

2NH3 + COa = H^N-CO-ONH^ (ammonium carbamate) 

H^N-CO-ONH, = 


Properties. — (i) Urea is a colourless crystalline solid (m.p. 132 °) 
and is readily soluble in water and alcohol, but is insoluble in ether. 

(ii) It is a monoacid base — the aqueous solution is, however, 
neutral to litmus. On adding (a) concentrated HNO3, (b) concentrated 
oxalic acid solution, to a concentrated solution of urea, crystalline 
precipitate of urea nitrate, C()(NH2)2, UNOj, and urea oxalate, 
00(^112)2, 11^020 j, are formed. 

(iii) Biuret reaction. — On gentle heating urea melts and evolved 
ammonia, forming a substance, called biuret. Two molecules of urea 
interact with elimination of ammonia, forming biuret. • 

ll2N.C0-NH2+UaN.C0-NH2 = 

On heating for a minute or tw(\ after the evolution of ammonia, 
a solid mass appears. This is cooled and dissolved in a few drops of 
,water. On adding a drop or two of dilute copper sulphate solution and 
finally caustic soda solution, a 'pdnk or violet colour develops. This is 
a delicate test for urea. 


(iv) Nitrous acid (mixture of NaNOg and HCl) decomposes urea, 
giving off COgand N^. 


H2N— CO— NHg 
ONOH nONO "" 


2N2+COg+3HgO 


(v) Alkaline solution of sodium hypochlorite, NaOGl, or sodium 
hypobromite, NaOBr, also reacts, giving off CO3 and Ng. 


H 2 N--CO— NHg = Ng+C02 + 2Jr20 + 3NaBr 
NaOBr NaOBr NaOBr 


The nitrogen may be collecled over alkali (to absorb CO^) in Lunge’s nitro- 
meter ; its volume gives a rough measure of urea in a solution. Urea in urine 
may be roughly estimated in this way. 

(vi) Hydrolysis. — Like other amides, it is hydrolysed by boiling, 
caustic alkali or acids. Boiling with alkali evolves ammonia. 

Il2N-CO-NH2+2NaOH = Na 2 C 03 + 2NH3 
At ordinary temperature the enzyme urease (present in soybe«^s) 
hydrolyses urea into ammonium carbonate (ammonia and COg). 
A^inonia is liberated by adding KgCOg and distilled into standard acid 
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'and estimated. The ammonia formed gives an estimate of urea in 
the solution. CO(NH + H^O = 2NH3 + • 

Uses. — Urea is used : (i) as a foriiliser in agriculture, (ii) in makhig eyn- 
thoiic plastics (urea-formaldehyde resins) and various drugs, e.g., veronal^ urea- 
siibamine. 


xm 

•HYDROXY ACIDS* 

The hydroxy acids are compounds which combine the properties 
of alcohols and acids, i.c., they contain both hydroxyl and ctirboxyl 
groups, e.g., hydroxy acetic acid (glycollic acid), CH 3 (OII).COOn. 

Glycollic acid, CH2(OH).COOH, occurs in unripe grapes. It is a colourless, 
crystalline solid, ni.p. solubie in water, alcohol and ether. 

It is made : (i) by hydrolysis of potassium chloroacetate with boiling water, 
when the chlorine atom is replaced by an UH- group, yielding glycollic acid. 

CH.Cl.COOK -f H.OH - CH,(OH)(JOOH + K(’l 

(ii) by careful oxidation of glycol by hot dilute HNO^. 

IIOH.C-CH.OH -f O, =:= Cll,(OH).CO()I£ + H,0 

(iii) by hydrolysis of •formaldehyde cyanhydrin, 

CH,(OII).tJN + 2H,0 = CH jon)COOH -i- NH3 

It contains a primary alcoholic group, -OHjOll, and a -(-OOH group, and ihere- 
foro, gives the properties of both. Thus : * 

(i) It forms salt with alkali, e.g., sociium glycol late, CH^OH.COONa, and 
ester with alcohol, e.g., ethyl glycollatc, CIIjOU.COOCjjHn. 

The ethyl glocollate reacts with acetyl cfiloridc — the fl atom of the hydroxyl 
being replaced by tho acetyl group -COCHj. ^ 

CH^lOnj.COOC.H, + CICOCH, = CIl3(OCOCTIJ.COOC3H3 -f HCl 

(ii) Metallic sodium replaces hydrogen of both hydroxyl and carboxyl groups,- 
giving disodium glycollaie, CHjlONaj.COONa. PCljj replaces both the OH 
groups by chlorine, giving chloroacctyl chloride, CH^Ci.COCl. 

(iii) It is reduced to acetic acid by hydriodic acid. 

CH,(OH).COOH + 2HI*= CH3-C001i -f H3O + I, 

But liydrobrornic acid, IIBr, gives bromoacelic acid. 

CH3(0H).C00II + HBr = ClI^Br.COOH -f H3O 

(iv) On oxidation, it first gives glyoxalic acid, anil finally oxalic acid. 

CH,OH (^HO * COOH 

. COOH COOH ' COOH 

Ofycollic acid Cl.voxalic acid Oxalic acid 

Lactic acid, a-hydroxy propionic acid, CII 3 .GHOH.COOII, occurs 
in sour milk from which it was first isolated by Schecle in 1870, and 
hence the name. It is formed in milk by fermentation of milk sugar 
(lactose, GioHjaOji) by hacillus aceti lactu 

= 4tCjU,Cll{OH).CO(m. 

Commercially, lactic acid is made by adding sour milk or decayed cheese 
(which supplies the ferment Jiacillus aceti lacti) into a solution of cane sugar or 
starch in presence of calcium or zinc carbonate. During fermentation extending 
over several days, the temperature is kept at 35-40®. The lactic acid formed is 
neutralised by the calcium or zinc carbonate, giving crystals of calcium (or zinc) 
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Thos(‘ aiv (k'(oin|iose«l \vi(li dilute suljdiuric aci«l, atul the lactie acid 
is cvh’.'u'ted willi cthc'r. TliP lactic acid is tihtaiiicd as ii viscid liquid on 
CN .qMiiMtiiijj; I lie crncr. 

Lnciic nciil iiim\ lio s\ nllu'^nsfil : (i) by li\ (li(;l\ sis of /-(ililoi'o [or 

broiiio) pi ojiionic. auid l)\ bmiini.' wltli wulcr (tin' curbon utoiri Jiexi 
to till- ('iiiliow 1 ^o-oiip is ('ullcd tli(‘ /-caibon nioiii). 

CII^.CIKU (11, CMl()II.(’()()ll 1-1 K’l 

I’lnpiniiic, ;icid on obloiin il ion or broniinution in jiri'sence of ri'd 
1* i>i‘ J, jjjivi's 7-cliloio (oi bronio) pi'opionic ui'ui. 

('11,(1I,(’()()I1 r (1^ (1I,('11(1('()()H i IJdl 

(ii) liy IimIioIx^is ol ju*i l;ddoli\ di* (*\ iniliydrin (j). .1(5). 

(’ll riI(()lI)(’N' ,--JlI.() (’ll,('ll(()Il)(:()()li ! Ml, 

Properties, (i) l-uflic :u'i<l is u iMoiirloss visnd lupnd with a sour 
iuslo (rn.p. IS' ). It biLibJy li\ •^roscopio, ntid is ^olublo in 
alcohol niid idhcr. 

(ii) It ('Munot be dislillod nncbani^cd al ordinal \ jiicssme, as it 
di'coinjuwes into (’ll, (’IK), CO and watci ; bul it distils imclian;:cd at 
1 nirn. jacssui^. ( ’I I ,( ’ 1 1 (Ol !)(’( )01 1 Cl 1 C| lO [ 1 1 ,0 ; ( ’O 

(iii) It foinis a ittcHdr (a cyclic dusti'i') on li(‘alini; 1)\ cliniinalion 
ol \ wo molciailcs ol w at is . 

(’ll, .(’lion I100(’ (’ll, ' 1 l.. 0--('0 

’ ! ' i i i ,-2lI..O 

(’ool! iioiK’d’H CO -o -(iK’ii, 

(i\) l( dc('onipos(>^ into (H,CllO and IK’OOll on licatinj; wilh 
‘dilnti* ll.^SO,. W itli I'onc 1 1 ,SO . CO is cv.ilvcih 

C11,C11(01I)C00II C1I,C1J0 JK’OOIl 
K is r. monoba^lc acid ‘iin! fnims sails and csicih as iisnal, 
c o ,\.ibO lMclat(‘, (’ll .(’lI(Oli!COOCdI 

Kill llic acid also contains a scmndaiw alcoliolic uroiip (’IIOII, 
and bebaves as sueli On o\idalion with liydroL^cn peroxide jn presiaic.e 
ol ferrous sulphate (benton's lea^iail), il i^ives ])\ir.vic acid. 

(’ll, (’() coOfi. cji,. (’IIOII (’Ooi[ >'() .(’11, (’o (’ooir . Hd) 

Laclie aiad also ipxi's iod ifovni riaacliiai 

IJsCS. -h'" I If , 1 ( 1(1 ai'd !ls -;ills ;iic used ill dxiii-j,, l.iiiniiii; and ( alico-jiTinl 
me,. Mll'\l u ,1 sojxcnl |i>i l.n(|iii’r Calcimn la'alc is u.si'd 

nicdic!Ti.ilj.\*. fci calcMim dcli( icncv . 

^-^'Optical isomerism of lactic acid. — Fiactic acid ('xisls in threo 
■ isoini'i'ic loini'- .Ml the hii’ins havi* the c.ame stiaaduri* and chianioal 
('onipo-it i( 111 .and heiic'* the '^anle chtanical jiropiadies, hut ihi‘V differ 
in plns'i'.il j)i'< 'pf*i t it'< and in thiar action lai phuie polari^i'd lii:ht. Such 
('oinpoiinds are called optical isomers oi stereo-isomers, nnd the jilicno- 
ineiion is Known as ooticarisomerism or stereo-isomerism. 

d'he ’phiMioinenon was eleailv (‘Xplained l)\ Ke P)el and van’t Tfriff 
in ISTd In ordei- to explain optical isoiuerisni it was lU'ccssary to 
I’eprcsent ipiadri\ aleiit caihon in three dinu'iisions. The optical iso- 
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incrisin was iiiUm'|)ipU>{ 1 ni terms oL tiie m in .s/zf/cc ot 

(Jidi'i'ciil’ atoins nr j^n'<a)[)s linktai l«> llii' c.nhnii alnm. 

It was assimird Iha; llm earnon al* m is siina^ial at the ceiitrt^ 
ol an mia}-(mai\ r(\mi]ar tet i aliciii on, aiai tliat Us innr \ali*iuu(‘s an* 
directed in s[)at't‘ in stiaiulit lines, diawn Inan llie isaUie n[ the* teira 
lu'dion inwai’ds Us tnui' ('ordeis, jI'n shown h\ th(‘ dntU'd hues (lii;. o)- 
'i'lie aM'^le helween eai'li pair ol* \alen(,\ laaidv in lOU-d' and oik' pan’ 


on 


(U Kiu. 5 (il) 

lies in a plain' al ti.i.dit an^de to the iilane of tlie ollna- pair. 'I'ln'i el'on*, 
th(' vah'iKM' Ponds (it a earlaai atcan are not disirihiUed m one. |)lan<'. 
All tlie toil! \ ali'iu'ies* are (apialls <li'-lril)ult‘d in spaet'. 

Xo\v, the j*paee lorrnnia ol' a eaihon atom attaelied to four dif'h'ienl- 
utams or '^roup'-. eaii exist in two, hnt onl\ t\M), dith'ri'nt forms iincl 
tiliey ai(‘ i elated as an ohn'ct to it - mii’roi’-imajjji- Ihith llie striK'tnies 
ai’(' .».s\ mmeti !('. i (* , llie\ ha\(' no plane ot Mmnn'tiy. Lactie at'id eaii 
exist n\ twi» sill'll as\ mmi'l ric* I'onns. sinei* it contains in its moleenle 
an asymmetric carbon atom (shown m heavx l\pe), i.e., a ntrlnhi ntoni 
linked hi /'P/r difjrn ni nfoniK or ijninfi'i. 
lac'tie acid are shown below : 

(Ml, (MI, 

Jl- I'-OH I. li 

coon COOll'^^’*^ 

Le ra-1 and van’t IJoff attribnti'd tin* optical aidi\il\ of a compound to 
the inesence of asyrnmeliie carlaai aloirts in tlie moleenle, LaiUie. acid 
t'xiiibils optjiaal actnitv due to Uie prest'nce ol an asvmnp'liic cariion 
atom in tl|,e molecule, d'he as\nimetry in tlie moleenle is accom- 
fianied by optical ac.ti\it\, 

Doth forms of lactic* a(*id {ti^o .")) I'ehiled as an libject to its mirroi' 
iiriat^e, ari' oplic.ally acti\e, but t-ln'ij* rotations, thon;jh ecpial in maeni 
tilde, ai’c opposite* in siijn. One toim turns the plane of polarised lil^hf 

to tlu' ri^dit. 'riiis is called dexlro d-lactic acid. 'Hn* sarco-lactic acid 

which is loimd in nuiscli's, is *I-i.icti(; acid. ^J'he, oilier lorni wdiic.li turns 
the plane of polaris(*d li^dit to I lie left, is called laevo or 1-lactic acid. 

hhpiimolt'cnlar mixture of d- and 1- lactic aiads is optically in- 
activi', since the ihixlro-rotat ion of the d-acid is lu'iil ralisi'd bv the 


d’hc luf> isonu'ric forms of’ 

" J\ 

''coon 
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lacliitc. Tliese are deroniposed with dilute suljihuric acid, and Uie lactic acid 
IS extracted with oilier. The lactic acid is obtained as a viscid liquid on 
evaporating tlie elner. 

ljauU(* {u*i(l may be synihesised : (i) by luclrolysis of a-ohloro (or 
broiMo) ])r()pioni(* acid by boilinj; witb water (the carbon atom next 
to tlic* carboxvl j^roiip is ealiod the a-carlion atom). 

(^di,.(;ii(’.i.(H)()ji-i-ii.()ii - (Ui, .ciioJi. cooil i-nci 

Propionic aiad on cblorinalion or bromitiation in presence of red 
P or J, giv(*s 3 t-('bhn-o (oi lirorno) pro])ioni(i acid. 

(di,(:ii,cooiL-r(;i, (di,cnci(;oou i-iici 

(ii) by hydiolysis of acetaldeJiydo cyanliydrin (]). 30). 

(UI,(M[(01l)(^X i- 2 lLO --- CH,(dl(01L)CO()irfNIl3 

Properties, --(i) Pactic a(*id is a colourless viscid liipiid uitli a soni* 
taste (ni.p. 18"'). It. is bi^ldy hygroscopic, and is soluble in water, 
alcohol and ether. 

(ii) It cannot be distilled iincluuiged at ordinarv pressure, as it 
discomposes into (’ll, Cl 10 , (XJ and water; but it distils uueliangi'd at 
I mm. pressure. Cn^(TI(Of I)C()OK -- Cl r,(M10 f ll„O-hC0 

(iii) It forms a Jarlidr (a cyelie diesifa*) on beating liy elimination 
of two molecuh's of water. 

(di,.('noii irooc ciivtMi- o- (’o 

! ! i -- ‘ ! I +2TI.,0 

cooil 1I()IIC-(4I.^ CO—O (MK’.II, 

(iv) II (lecomjiosi's ijilo (dl^tXfO and IICOOll on beating with 
dilute' ICSO,. With eonc. IC80,, (T) is (‘volved. 

(Mi,(Mi(oii)(‘ooii - (di..(Xio i-iicooir 

(^ ) It \< t\ monobnsie acid am! loims salts and estiM's as usual, 
e.g , (db\l lactate, (dI.,(Ml (Oil )COO(\H ,. 

Hut till' acid also coMlnins :i secondary alcobolii*. group - TO! 1, 
and lieliavi's as such. On oxidation witli Ijydrogi'n peroxide in ])resenee 
of lenons siil|)bate (Fenton's reag(*nfc), it gives pwuvic a(‘iil, 

(MI 3 .C 0 (’ 0011 . ciT,.(’H()ir.c()orr-i-() ..cii^.(’o.(’ooii i ji/) 

laielic aeid also gi\('s lodaform reaction. 


Itscs. Tiii'-lic acid niid iN salts arc used in d\ing, innnirig and calico -print- 
int^. Kllivl Inclatc is a s(»lNt*nt f(»r lacquer \arrisli. C'alciuin laclalo is used 
nu;dicillalj.y^ for calciiiin deficiency. 

^ isomerism of lactic acid. — Lactic acid exists in three 

/^isomeric foiins All the forms lia\<* tlie same struct nn' and chemical 


('ompositioii and hencf* tlie same clcMnical pioperties. hut. they differ 
in plixsie d propi'ities and in their action on pbuio polarised light. Such 
(■om]) 0 imds are called optjc^ isomers or stereo-isomers, and the plieiio- 
menon is Imown as oDticaTisomerism or stereo-isomerism. 


The jilienomeiion was (dearly ex])lained bv Le He) and vanT Hoff 
in 1874. In order to explain opticsal ismnc'rism it was necessary to 
represent quadrivahmt carbon in three dimensions. The (optical iso- 
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meri^nx was interpreted in terms of the arranjcncnt in space of 
difft'i’tait atoms oi‘ groups linked to the eiirhon atom. 

It was ii.'jSUined tliat the carbon atom is situated at tin’ (*eiitre 
of an imaginarv regular tetndiedron, and that its lofir \aliaicies are 
directed in s}>*aee in straight lines, drawn from tin* .-entre of Uie’tetra- 
hedion bnvanls its four eorrters, as shown by the dottt^il lini's (tig. a). 
The angle hc'tween eatdi pair of valency bonds in lOU-d’ and oin^ pair 



lies in a plane at right angle to the plane of the other pair. Tliendore, 
the valence bonds of a carbon atom are not dislributi'd in one plane. 
All the four a alencies^ are (Hpially distributed in s])ac(‘. 

Now', tin* ‘^pace formnla of a carbon idorn altaelied tii four dilTerent 
atoms or groups, can exist in two, bnt only two, differimt forms and 
they art! related as an ohjc'ct to its inirror-iniagi*. I loth l1u‘. struct m‘(‘s 
are aswnmctric, i.e., tlnw ha\(' no [liane of symmetry. Lactic acid can 
exist m two such asvmmf'lra! forms, since it contains in its mohainh! 
an asymmetric carbon atom (shown in h(*avv t\fK*,), i.e., n carbon atom 
linked lo four dijfcrriii alorns or fjronps, Th(j two isomeric forms of 
lactic acid are shown below: 


Jf-C-OH 

I 

COOFf 



JiO Ibd and van’t Hoff attrihiiteil the o])tical activity of a coin pound to 
the presence of asymmetric caihou atoms in the moi(‘cnle. Ijactic acid 
exhibits optical activity due to the presence of an asymmetric carbon 
atom in the inoleenle. The as\nnnctry in the moI(*cule is ac.com- 
panied by iiptical activity. 


Both forms of lactic acid (tig. o) related as an bhject to its mirror 
image, are optically active, but their rotations, though equal in magni- 
tude', are opposite in sign. One form turns the plaiu*. of polarised light 
to the right, ddiis is cnllcd dextro or d-lactic acid. 'Hie sarco-lactic acid 
which is found in muscles, isTl-lactie acid. The other form which turns 
the plane of polarised light to the left, is called laevo or 1-lactic acid. 

Bquimolecular mixture of d- and 1- lactic acids is optically in- 
active, since the dextro -rotation of the d-acid is neutralised by the 
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laevo-rotation of the l-acid. Sour milk lactic acid is optically inactive. 
But it can be resolved into optically active d- and 1-lactic acids. Of 
the three isomeric lactic acids, therefore, two are optically active and 
one inactive. 

VT^aric acid, J[OOC-ClT(OH)-Cir(OJl)-COOK, is dihydroxy 
succinic acid, and is found in grapes, tamarind and in other fruits. 
But the chief source is grape juice. During fermentation of grape 
juice a brown crust of aci(l potassium tartrate, called argol^ 

wine loss or tartar, is deposited. I’artaric acid was isolated from argol 
by Schecle in 1760. Tin*, recrvstallised argol is known as cream of 
t^ar« 


In order to prepare tartaric the ar^ol is dissolved in boiling water and is 
nearly neuiralisod witli chalk, when calcium tartrate is precipitated and potassium 
tartrate remains in solution. 


2(\ll,0,K 4- ( - C\n,0,0a + CO, + H.O + 

Acid polabsium taitrate (kilcium tartrate Potassium tartrate 


The calcium tratrate is filtered off, and the filtrate is treated with (LiCl. 
solution, when ealcium tartrate is precipitated. 

C,H,(),K, + CaCl, = 0J{,O,Ca + 2KC1 

The calcium tartrate is decompo.sed by dilute and the insoluble 

CaSO, filtered off — Jie filtrate on concentration and tooling give crystals of 
tartaric acid. 


Synthesis* — Tarlaric acid may b(‘ syiitbesiscd by the ticfcion of 
moist silver oxide on dibroino-succint' acid. Bromine acts on succinic 
acid in proservee of red 1*, giving dibromo succinic acid. 


CH,..(:00K 

1 ‘ + Ih, 

cjr,.(‘()()ii 

CIlBr.COOH 
1 -f 2Ag()H 

CTlBr.COt)ll 


CIlBr.COOH 

CjrBj.COOH 

CllOlI.COOJI 

1 

CHOn.COOH 


4 211 Br 


+ 2AgBi 


or by tlio hydrolysis of glyoxal c\an]j\drin. 

CHO HCN CH(OH)(^N H,0 CHOH.COOII 

I ^ I > I 

CHO C H (Oil )C C HOll .CO( ) H 


Properties. — (i) Tartaric acid is a colourh'ss crvstalluu' solid which 
is soluble in w ater and alcoliol, but not in ether. 'Hu* aqueous solution 
is extremely sour to the taste. ^ 

(ii) It is a dibasic acid and hence forms two scries f)f salts and 
esters. The acid salts e.g., potassium hydrogen tartrata ajid ammo- 
nium liydroge'ii tartrate, are sparingly soluble in cold water, but the 
normal salts, such as sodium potassium tartrate (llochclle salt) is 
readily soluble in water. BocJipJIc salt^ C^lIj06KNa.41T20, is made 
by neutralising eream of tartar with sodium carbonate solution and 
crystallising. Tartar emetic (potassium antimony] tartrate), 
(\H/)f,K(SbO).TT./), a white crystalline solid, moderately soluble in 
w’ater, is made by boiling aqueous suspension of antimony oxide, 
SbaOg, with cream of tartar. Tt is used in medicine as an emetic 
and as :i modrant in cotton dying. 
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(iii) It fomis tartaric anhydride i)y elimination of a molecule of 
water, when carefully heated to loO*". 

CllOU.COOIl CIJOII.CX) 

1 \o + lI..« 

CI10I[.(X)OII CHOHX’O^ 

(iv) Tfc v<'itcta with alchhol, giving dinthyl turtnile, which cit.h 
acetyl chloride gives the diacetyl ester. 

Cir(0(X)CH,).(;()(K^,H, 
(‘HOii.(a)0(:ji, rn(Ocr)CHd.coo(\H. 

Diethyl tartrate Diacetyl diethyl larlraU\ 

(v) III r(‘duees tartju'ic acid to succinic acid, but Jl]>r gives 
dibrorno succinic acid. 

rHoir.cooii curooii 

I h41TT I “ -}-2H.()^-2L 

(’ILCOOJL 

Tartaiic acid is dihydroxy suc(*inic acid. 

Tests. — (i) 'r.irlai’ir and rhars on healins; and nnils smell of bnint sugar 
Heating with concentrated sulphuric aUo chars it, eNolviiig CO, CO^, etc. 

(ii) A rieulral solution of a tartrate gives a while pr^'cipilalc of calciuiiL 
tartral(» on shaking with ^calcium chloride soluhon. The prociinlatc is soluble in 
acetic and (cf. calcium oxalate) 

(iii) Silver itfirror test.“-Aii ar|uoous solid ion of ii larlratc reduces auimonia* al 
sil .?or nitrate solution on wanning, giving a mirror of siher (of. citrate). 

Silver nitrate solution is added to an aipicous s«)lution of Ithchcllc salt, (or 
any otlier rientrnl salt) in a test lube, \vlien*a vvbito jirccipilale of calcium tartrali* 
IS tormod. The iircx ipitati* is just dissolved by adding ammonia soluioii drop 
by drop, and tlio test tube is then placed in a balb of boling w'ater. A sbining 
mirror of silver is dojjosited. 

Uses. — Tartiirie acid is used : (i) as a mordant in ilyomg, (ii) in bakinil 
powder and in efl'ervesnng drinks, ilochcllo salt is a constituent of rebiing’s 
solution. 

Tarturic acid exists in four i'-otnoric furms. all of which have llu* 
samr strucluic and clieniical criinjiosition, and lienee, the same chemi- 
cal preperties, hut they differ in physical pi-opcrtics and in tlieir 
behaviour towards |.dane fiolnrised light. Tlu* lour isomers are . 

Ld-tartaric acid. — The tartarii- acid made fioin argol is il-tartaiic a< id. It 
i-rsylall ises in colourles.s liansfiarcnl //rcy//».s*, m.p, 170'^. [1 is soluble in water 
ami alcoliol, but not in ether. 'J’fie aqueous §olution is (frsf ro /tilfiforj/, i.e., turns 
the jdane of jialari.sed light to the right. The ordinary aud is d-tartaric aeid. 

vJlaccmic* acid. — Kacemic acid is found as a by-product in the* mother liquor 
from cream ’of tartar (Latin mcrwiM, a bunch of grapes). It .forms rhomhir 
crystals (ni.p. 204°) carrying two molecules of water of crystallisation ; d-lartaric 
acid forms atibydnms prisms, m.p. 370°. Eacemic acid is less soluble in water 
than the d-acid ; their salts .show .similar differences in soln])ility. It is optirolhj 
inartire hut mav be re.solved into opteally active d- and I- tartaric acids. When 
the d-tartaric acid is heated with water in a sealed tube to 175*^ or lioiled with 
.stTong ca.iisti(; soda solnion, it is converted into racemic acid. The procc.ss is. 
called racemisation. • 

V.l-tartaric acid resembles d-lartaric acid in ali properties e.vcept crystalline 
form and the sign of optical rotation. Its aqueous solution turns the plane of 
polarised light to the left, and to the aame extent as the, d-acid, i.c., it is faevo- 
rotatory^ Almixtiirc of the d- and I- acids in equal amounts produces no optical 
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rotation and forms raoeinr arid. Tlie 1-tartaric acid is obtained from the racemic 
acid by resolvinjr into the d- and 1- forms. 

McsO’tartaric acid is not found in nature but is formed (to;;otlier with race- 
mic acid) by. heating the d-acid with water or aqueous caustic soda in a sealed 
tube at IbS". MesOtarlaric acid (m.p. 140^') crystallises in filales with one mole- 
cule of water of crystallisation, ft is move soluble than tlio racemic acid. The 
calcium nieso-lartrale is very much Ies.-i soluble i;i water lhari ordinary calcium 
tartrate, and is also insoluble in ai’ctic acid. Mvso-lnrtanv arid is optically 
inaclirr. 

Synthetic tartaric acid is optically inacti\e. It is cither a racemic acid or a 
mixture of racemic and meso-tartaiic acids. 

Optical isomerism of tartaric acid. — Tartaric acid exists in four 
isojiieric forms: Um op^ticaliy active forms ^ C'g-» d-tartnric acid and 
l-tartrtric sicid, lUid tieo optically inactive forms, e.g. nicemic acid and 
meso-tartai'ic acid. 

An inspection of the structural formula of tartaric acid shows that 
it contains two asymmrlrie carbon atoms (lieav} type), 11 

each of whiidi is linked to the same set of 4 atoms or | 

groups, namely, H, OH, 0001 1 and 0[l(OH)COOir. 1[0-C-C()01[ 
The two asymmetric carbon atoms are exactly identi- | 

(5aJ, and hence their effect on polarised light will be llO-C-OOOll 
thii .same in magnitude in lespi'ct of each carbon atom, | 

and the total opliviil eff(‘ct of the molecule is additive. If 

Let ns consider the two asymmetric carbon .iloins se])arately. fn 
the following tsNo arrangements one is Ihe mirror image of the other, 

0 I Jf H ' C 

' V\ 

/ \ / \ 

OOOll Oil TIO OOOH 

(n (ii) 

and has, therefore, equal but (tppositc effects on plane polarised light. 



Fig. 6 

Suppose that the arrangement (i) is dextro-rotatory, and therefore, 
the grouping (ii) is laevo-rotatory. (Jig. 0). 

(i) When both the asymmetric carbon atoms in a molecule of 
tartaric acid have detxro rotatory ellect, tlie moh'ciilc turns the- plane 
of polarisation to the right, and is known as d-tartaric acid (ii). 
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(ii) \V1 k*ii both tlio asyin metric cailiun atoms; in a molecule i)f 

tartaric acid have laevo-mtatory effect, the molecule turii^ the plane 
ot polarisation to llu? left, and is called the 1- tartaric acid (i). 'Tho 
J-acid is a mirror iniaj^e of tin; d-ac*id, and nout* has a ])hm(' of 
sMumetiv. • 

(iii) Wlien one asyjnnurftric carbon atom is d;'\lro-rotatorv, and 
ilie other hiovo-iotatory, tlio molecule of iart;nic acid as a ulioh* hiis 
no effect on plane polarised lif^ht and is of)ti(*ally inactiviu IMiis is 
meso-tartaric acid, (iii) Tlie dextro-rotatory effect of om^ carhon atom 
is just eomponsiitcd by tlu' laevo-rotalorv efftitt ol' llu* ollu'r carbon 
atom. 1'his is inlernal compcm^afion. Alcso-larlaric acid cannot bo 
tt‘solvi‘d into d- and l-tartaric acids. 

(iv) A mixture of er/j/a/ amounts of d- .*nid Mindaric Jicids will 
have no etlect on plane jailarised light, since* the dextiv)-rotation (ff llie 
d-acid is just neutralised by tlie hievo-rotjition of llu* l-acid. 'riie 
jiiixture is, therefore, o[)tically inactive. The raei‘mi(i iicid is such a 
e(piimol(»(*nlar mixture of tl- and 1-iartjiric acids, and is Jilso called 
dl-t.artnri(} aciil. It is opticidly inactive, hut can he resolved into opti- 
cally active d- and 1-acids. The racemic acid is tlierefore, said to be 
exirntnlly compensated. 

Louis Pasteur, (1050) the famous French sdciillsl, did clsi‘>M(al researches on 
opical isonierihui of tarlauic acid. 

(3itri(! acid^ (\Tr„0^, occurs free in citrus fruits (and hence the 
name) such as linu*, lemon, tomato and oratij^e. S(‘h(*(*l(* isolat'd tlio 
acid from lemon juie;* in 1784, 

^Citric acid, is made from lemon juice, whic'h (*ontain 7-8% of the 
Jicid, by hoiJuuj with inilh of lime, wlum calcium citrate is ])rec‘.ipitaied. 
n^'lic precipitate is separated and decomposed with dilute* jr.^S()^. 'The 
insohihle CaSO^ is filtered off — the filtrate gives crystals of critic aei<r 
on concentration and I'ooling. 

Citric* acid is also made by forincniatioii of a jliliite glucose snluliou at, about 
40° — the ferment is a fniijrns wli'uh decora poses into ciliic, acid and carbon 

dioxide. 'The .i< id is separated liy formation of calrium citrate, as above. 


Properties. — (1) Citric; acid forms large transparent (crystals, 
The crystals melt at KK)'", but tin; anliydrous acid at 
153°. It fs soluble in water and alcohol, but not in (‘tlier. 

(ii) When heated to 175°, it loses a moIi‘cule of whaler, formic 
aconitic ludd. 


(^H,,COOH 

I 

I 

Citric acid 


(ni.C(K)H 

II 

I 

en.d^ooH 

A( onitie ai nJ 


f- H,0 


Citric acid is a monohydroxy-tricai boxy lie acid 

(iii) It is optically inactnu*, as it contains no asymrneira; carbon 
atom in the molecule. 

(iv) Jt does not reduce nrnmonical silver nitrate on w'armiiig, but 
slight reduction tak(;s place on boiling {cf. tartrates). 
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(v) A neutral solution of a citrate gives a white precipitate of 
calcium citrate on boiling with CaClj solution, (c/. tartrates). Cal- 
cium citrate is soluble in cold but insoluble in boiling water. 

Uses. — Citric ‘acid is used in making lemonades and as a mordant in dyeing. 
Ferric-, Hmmonium citrate is used in medicine. 

I 

XIV 

CARBOHYDRATES 

The Carbohydrates* — Sugar, starch and cellulose which are the 
important products of plant lif(\ are the common examples of a class, 
of substances, known as carbohydrate ft. The name carbohydrate 
originated from the fact that compounds belonging to this class, 
contain carbon, liydrogen and oxygen only, tfie hydrogen and oxygen 
being in the ratio of 2:1 (as in water), and their formula may be 
writeii as Cx he., hydrate of carbon, e.g., glucose Cf,(H.j())g or 

CgTr,jjOj.; cane sugar or But the term is mis- 

leading as carbohydrates do not behavt; as hydrates. Also, carbo- 
hydrate's ai’c known which do not contain carbon and hydrogen in the 
ratio of 2:1, e.g., rhamnose, Cell,/)^. 

The carbohydrates fall into two main groups : the sweet and crystalline 
sugars, e.g., glucose and oario .sugar, and the tasteless and amorphous starch 
(as rice, wheat, harley, potato, etc.) and cellulose (as cotton, gn'iss, straw, wood, 
bamboo, jute, etc.). 

The carbohydrates are classilied, by reference to their behaviour 
towards liydrolysis, into: 

Monosaccharides 'svhicdi do not undergo hydrolysis with dilute 
acids, e.g., glucose, and fructose, 

*^(n) Disaccharides, which give two molecules of mono- 

saccharidf's on hydrolysis, e.g., can sugar aTid lactose. 

CialU.O^ (canc'sugaO-flT/) =- C^ll, J)Jglucuse)-f- (fructose), 

v(in) Polysaccharides, , which on liydrolysis give rnono- 

sachharide, e.g., starch, cellulose, gum, pectin, and dextrin, etc. 

The tri- and tetra-saccharides, on hydrolysis, give 3 and 4 mono- 
sacch arides-respecti vely . 

The monosaccharides arc either polyhydroxy aklchydcs or poly- 
hydroxy ketoties, and are kno'vn as ahlone and ketose respectively. 

^ Glucose, 11,20,., is aldo-hexosc, and fructose^ C.HjyO,., is heio- 
hexoitc. The ending -o.s*c generally refers to carbohydrates. ^ 

Carbohydrates are mainly derived from the vegetable kingdom. The carbo- 
hydrates arc of great imporiance in our daily life. The starchy food we take, 
the cotton fabrics vie wear, or the paper we write on, are all carbohydrates. 
Cotton i.s aJniost pure cellulose. Paper is made from bamboo and grass which 
are mainly cellulose. The carbohydrate, chiefly starch, is one of main types of 
foodstuffs" w'hich arc fats, jyroteins and rnrbohydrotes. Alcohol is made from 
carbohydratse. Artificial silk and celluloid are ^produced from modified cellulose. 

\><Jlucose, occurs in grapes — ripe grapes may contain as 

high as 20-30 per cent of it. But it also occurs in most ripe fruits, 
in the nectar of Howers, and in honey, usually associated with 
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fructose and cane sugar. It is called grape sugar from its presence in 
grapes, dextrone from its doxtro-rotation , and glucose from its sweet 
^aste (Oreek glucus^ sweet). 

Glucose occurs in traces, about 0‘1 per cent, in our blood*and urine. But 
m the case of diabetic patients who cannot decompose starch beyond ^ucose 
sta^je duo to defects in di^csti^’e system, the urine may sometimes contain 
8-10% glucose. 

In the laboratory glucose can be readily pi*cparrd from cane 
sugar. The can sugar is dissolved in ^K) ])er c(‘nt alcohol and the 
solution warmed with strong hydrochloric acid,* when the cane sugar 
i-: c(Uive] t(»d into glucnse and fructose. Fructose, being more soluble 
in alcohol, remains in solution, while glucose scparati's as anhydrous 
crystals. + ~ + (fruciose). 

Glucose is made commercialhj from starch (which is built up of a large 
number of glucose molecules). Starch is hydrolysed into gluc<jse by heating with 
diliie II^SO^ under pressure. 

(F«H„0.)n(starch) + nlFO - nO,lf.d)., 

The liquid is neutralised with chalk and the insoluble GaSO, filtered off — 
the aqueous solution of glucose is then decolorised by filtration through a bed 
of animal charcoal, and then concentrated to a tlnck .syrup in a vacuiiin pan. 

^iCfOpertics. — (i) (^ilucosc is a colourless crystalline solid with a 
sweet taste, though not as sw(‘ct as cane sugar. It is ri?aflily soluble 
in water, but ojnly sparingly soluble in alcoliol. It crystallises from 
aqueous solution with one molecule of water, the crystals molt at 80** ; 
the anhydrous crystals melt at 14(3”. (ihicosc* is dcxiro«-rf)tatm’y in 
tiqucous solution. It is fennnted by yeast to alcohol and CO^* 

(ii) Glucose contains 5 alcoholic. (^IT groups and one aldehyde 
group, -Clio, in its molecule. Glucose is ahloJicxosc. It gives many 
reactions of aldehydes. Thus it fonns cynhvdrin with HGN, oxirno 
witli liydroxylamine, Nlf^GIl. and p}ienylhyd]‘a/.r)ric witli phenvl 
hvdra/ine, G\jr,^NTT.NH„. Tlie reactions arc^ ; 

()ll 

(i) CrT,OTI-(ClIOFI),-GIIO+llCN -> (MI,()II-(GI K)Jl),-(^n/ 

Glucose*. Glucose cyaiiliydrin 

(i i) C 1 1,0 FT- (C 1 1 OH),-GI 10 + 1T,N0 I F 

(:Tr20ii-(ciioii)4-(jn -Noii hH.o 
, (ilucose oxime 

(iii) CH,/3II-(ClI0n),-CH0 - 1 - ir,N-NH( \Tr, 

->rFT,OTT-(CIIOTl),-CIl - i-11.,0 
Glucose phenyl liydrazone 

• 

But the^ phenyl Fiydrazono by further action of phenyl-hydrazine 
forms a yellow crystalline solid with a dofiriile^ melting point, known 
as ghicosazonc. 

The phenyl hydrazone is "oxidised by a second molecule of pFienyl 
hydrazine, giving a ketone which is phenyl hydrazone of ghicosone ; 
the ketone reacts with a third molecule of phenyl hydrazine, forming 
glucosazone : 



76 


A TEXT BOOK OF INTEHMBDJATE CHEMISTRY 


(i) CHr.OH 


CILOH 


(CHOH), 

I 

ClIOH 


+ Il .N-NJin TT, 


CH N.Nlirjlr, 

Phenyl hydiozne 

(ii) CTI.OH 

I 

(OHOH), + llrN-NUCJI. 

I ' '■ 

CO 

I 

Cfl - N.NUC.H 


(CHOH), + NH, + C,.H,NH, 
I Aniline 

CO 

1 

CH-N.NHLV.n, 

Phenyl hydnizone of j^lueohone 

(Hi,oir 

I 

((^HOH), 

! 

C X NHC.H. + H.O 
I 

(^H --X-NUC„H. 

Phenyl •(liieos.'izone 


The osH/ono is usoil io drtrdin/j and idvnlijifnuj glucOi^r. 

Formation of osazonc — A solulion of phenyl hydrazine ac'olate (prepared by 
mixiii”: 1 ”in. of phenyl liydrazine with 1 ^ni. of _Q[laiial acetic acid, and then 
diluting to 10 c.c.) is acidcd to 5 e.e. of glucose soliilioti (containing about 
0’5 gm. glucose). I’lio tnixture is healed in a test tube in a bath of boiling 
water. In 10-15 minutes yellow crystals of osazone separate. The crystals are 
filtered, washed with water and recryslallised from alcohol, 'riie osazone melts 
at 204-5®, and looks like crystaHiiie tufts under tlie microsi'ope. 

\jB^vcr.sion of glucose into fructose. — On hydrolysis with hydrochloric acid 
phenyl glucosazone gives glucosone. The glucosono on reduclion with zinc dust 
and acetic acid yields fructose : 

CH..OII CIT.OH 

I “ I ' 

(CflOH), ((HIOH), + 21i,N-NnCjr. 


C + 2H/) 


CT1-- N.NHC.H, Clio (Clucosono) 

CH..OH 

CH.OH 

(CHOH), -f II. ^ I “ 

I ' (CHOU), 

CO I 

I CO 

GHO I 

CH3OH (Fructose.). 

(iii) Tiike aldehydes, glucose reduces arninoiiiaeal silver nitrate and 
Folding’s solution (p. 38). 

(a) A i.^iirror of silver deposits on adding a solution of glucose, to 
arnnioniacal silver nitrate solution in a test tube and then heating the 
test tube in boiling water; 

cii.OH-(ciion),-cH() i Ag/)-> crr,on-((:iioH),-c()()ir+Ag 

(Jluconic acid 

(h) A red prf'cipitate of cuprous oxide is formed on boiling a solu- 
ii(jn of glucose witli Febling's solution. The. reaction is used in the 
cslimation of sugar, and also for detecting reducing sugar in the urine 
of diabetic patients. 

OH,Ori-(Cll()H),-CriO + 2(hi()--> CH30H-(CH0ir.),-G001i + Cii,0 
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(iv) On mild o^idjiiion with hvomiiK' wider t^liiooso gives gln(’!(>iii(? 
acid, (\,I I ^^,0y— the aldidiyde grimp -(llIO, in glucose J)(?ing (.)xidised 
to -(K)()H group. ( I Income acid on furtlier oxidat ion gi\es sae^'liarie 
acid. Strong nitric aciil, liowever, oxiilises glu(*ose to oxali^j acid. 

(I) 

^ (^i!d)j[d(di()[i),-r()orr i-2ir ni- 
di neon ic ac^id 

(^H 2 on-(oiioir)^-oooii l O, — > iiooc ((nioiD.-onoii ! wj) 

Sae('haru‘, acid 

(li) (^dr.orr-(Cfrorr), -(-![()-[ 0 o~^:^ iioot^tHioiiH ;ni,() 

Oxalic, acid 

(v) Olucose forms a pen1a-aeet\l dcrivatixc', (\.ll ,0((KU)(dI J ,, 
by reaclion with a(*etic anhydrido, and Inuiee it contains o Old groups: 

ciT.oir-tciroH),- ciro-i (di,(d)(i— V 

’ Glucose (dL(0(M)(dl,) ((MIOGOt’Ih,), -(diOpoHGl 
l^-nta acetyl glucosi' 

Glucose' is, tluM-efore, I'xada-hyrlroxy alth'hyde. G^Jl „(01 1). .( ■] 10. 

(vi) Glucose' is h^ sodimn-amalgum to an alcohol 

^orhiloJ, t}]f' (dIO grouf) Ix'ing rc'fliu'iMl lo the' (-11, (HI greni]) : 

(dl.Oll- ((MlOll), GUO ! 2ir~^Gll.,OiL- ((dlOIl),- (dI.,OII 
Glucose Sorbitol 

''riu' soibitol eai ''cdiiedinn will. Jll give's noi'hidl seeondarx h(*\yl 
iodide, (d 1 ,-011 Id d 1 ,-GI 1„-('H ,-GII vjJiich is a derivative of normal 
lu^xane, ( dl ,-(dI .-(dh (d I.,-(dl..-(dl , "rherefoi*e, glueiosi' is a 
straight chain compoiaal and ma\ lx* written as • 

(di,()ii ciioii CHOU (dioii-(di()ii --(dio 

Ihit the open e'haui tdrmula of glucose cannot striedly explain its 
be‘ha\iour. It. has been e'stablislu'd that glucose'. (*xists in a e'vc.lic form 
and that it ce)ntains an oxide' ring in its struedure* : 

(dUHi (di (diOH (dioir- (dioii (dioii 

' () - - - -i 

(vii) On lieatiug alone or w'ith stroTig TT.,SO^. glucose c.bars into a 
black mass, 

Molisch*$ test. — Two to lliiro drops of an nlcnholir .^eihitiori 'of ^-rujplithol 
is i-iddi'd to i^hicoso soliilion and llie'ii cofu’. H .SOj is e'arofiilly poured elown tho 
side? »)f tlu^ test tul»e--.i blue or violet colour dev(*lo|).>. 'I'lie rtjadion is j;ivcn 
.by all soluble* (Mibe)b> drates. 

Itscs. — tJliieose is used ;is a sweetening ngen(. in confer I ioFuiry, and in 
fireseiAcd fruits anel ja.ins. It is used in silxering mi i mis. and as an invalid 
food. Patienls are given glueosp iujeition to inere'iist* llu* blexxl sugar ('ontent 
(bileium gliKO’iale* removes (•aleium rletu’iei'.j y CHluense is fermented t<i wind an<l 
beer. 

t..-Pfuctose, with glucfjse, it eiceuirs in many fruits 

(and th(*refore, also (udled fruit sugar) anel in honey. Tt is also called 
laevulose:*, on account of its laevo-rotation in solution. 
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Preparation- — ^Fructose iriay bo made from cane sugar by liydrolysis by 
heating with dilute sulphuric acid. Cane sugar is converted into glucose and 
fructose. The ajid is nrecipitated a.s BaSO^ by adding barium carbonate and 
filteml off. The filtrate is oonceni rated and heated with milk of lime, when 
calcium fructosate, CjHjjjO^.CaO, being sparingly soluble, separates — calcium 
glucosate is soluble in water. This is suspended in water and decomposed by 
COo, and lillcred from calcium carbonate : 

C,H,,(),.CaO + CO, - CaCO^ 

The filtrate on conccntral ion deposits crystals of fructose. 

Commercially, fructose is made from iniilin^ (a polysaccharide made of 
fructose only) found in dahlia tubers and Jerusalem artichoke. Iniilin on 
hydrolysis with dilute sulphuric acid gives fructose. The acid is removed by 
precipitation with Bat^Oj, and the filtrate is evaporated under reduced pressure 
to a tliick syrup, wiiich solidifies on adding a crystal of fructose. 

Properties. ■ — h’ructoso crystallises from alcohol in rhombic prisms, 
in.j). Oo"". it is more soluble in water anil alcohol tlian glucose, and 
tastes sweeter than glucose. Idke glucose, it is fermentable by yeast 
to alcoliol and (JOo- 

Fructose contains a ketonic group, 0, atul is tliereforc, a 

kctohc.ro, so. In most of its reactions it rcsembli‘s glucose. Ft reacts 
with Hex, XII ()1I and 11 .^X 11 X 113 in the same w'ay as ghi('os(‘. 
With pbiMiylliydraziiie it gives the name osazon-o as glucose. 

Altlioiigli it is not an aldahvde but a ketone, yet it reduces 
ainmoniacal silver nitrate and Feliling’s solution, like glucose. The 
pri'si'Uci* of easily oxidisable -(’OtHUOlI group in fructose accounts 
1*01' its reducing property. Vruciosc, being laevo-rotatory, dilTei’S from 
glucose ill its action on polarised liglit. It forms a peiita acetyl deriva- 
tive like glucosi', jind hence contains live Oli groujis. Theri'fore. its 
structure may be written as (Xl:l 7 ( 01 I).,(>C()). 1/ikc glucosi', fructose 
contains a chain of six carbon atoms, and its formula may be wiatten 
as : 

CILOH-CllOH - CllOir-CliOJl-CO -ClhOH 

But it has been shown tliat fructose exists in a cyclic form and 
contains an oxidij-i'ing structure : 

cu3-oii-c:(()ii)-ciioH-CHOH-()iioirA 



• Fructose (*an be assimilated b\ diabetic patients, whereas glucose 
passes out unchanged with urine. They are, therefore, given fructose 
in placy of glucose or cane sugar. 

\jCane sugar, siicrose, <^^curs in large quantities in ripe 

sugar cane (15-18 per cent) and in beet root (15-25 per cent), and also 
in small quantities in some fruits such as pineapples, strawberries and 
ripe banana. Sugar is obtained commercially from either sugar cane 
or sugar hect. 

Extraction from sugar cane. — The sugar canes are cut into short 
length, and pressed between hot rollers, whereby the juice is cx- 
"cssed. The juice contains about 10-20 per cent cane sugar and a 
/ reducing sugars (glucose, etc.). It is heated at about 90® with 
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excess of milk of lime in order to precipitate as insoluble calcium salts 
the phosphoric, oxalic and citric acids, and to coagulate the albumin, 
which are contained in the juice. Carbon dioxiilo. is then passed 
Ml rough the liquid to precipitate the excess of lime, and also to de- 
compose the naccharaie of Itme, C\3H220^,.8C!i0, whicli is formed 

The precipitate is removed by liltration. The filten^d juice is 
decolorised by passing in sulphur dioJidc. llie clear juice, is then 

concentrated under retluced pressure in vacuum evaporators, until the 
s\nipy liquid deposits large crystals on being coohal. it is then run 
out and cooled, when sugar crystallises out. The crystals are separat- 
ed from tlie yellow (or brown) syrupy mother liquor (called molasses) 
liy a centrifuge. 

(ii) Extraction from sugar beet. — Tho (lisfovoiv of sucrose in bed root w.is 
l)y Mic German chemist in 1747. The sn^ar coiitcnl •>n^nially was 

about 7 per cent only, but it lias been raiseil as In^h a.s 25 per cent by careful 

bi‘CC(]iii|f, but the average is 16 per cent. 'Phe roots arc vvaslicil to remove 

any ailheriiig earth, and out into Ihm slices, and tluMi mnoeratod \vitli hot v\ater. 
The aqueous extract of sugar is then treated in the saino wiiy as sugar cane 
juice. • 

Molasses is used in winking alcohol (p. 27), and also a.s a cattle food and 
a fertiliser. Jivtjfme (the cxtiactcd canes) is used as a fuel and in making the 
building board ‘celotex’. 

Sugar refining. --The raw cmik' sugar has a bruun ur vdlow 
colour. It is ndined by dissolving in watia* and lluui liltiaing tlK'. 
solution iliroiigh Ix'ds of animal (duircoal. d'he diu.'olorised solution 
is then evaporaiinl under reduced pres'suro and crystallisi^d. 

Tlio name cane sugar and beet sugar merely refers to tlu‘ souri‘(‘ of tho 
sugar. Chemically lht*y aro identical, and refer to a single, chcinical substance 
sucrose. Cane sugar is tho commercial name for sucrose. 

Properties. — Sugar ciystallises from aiiucous sulutiou in mono- 
<'Iiiiic prisms. Hunjur cand]f is largo sugar crystals dcpositial on 
threads susperidiHl in the suluiion. 

Sugar is rcailily soluble in water Imt is almost, iusolubhi in aloo- 
liol. It melts at 100'’ and on c^ioling sets to a pale yidlow glassy mass, 
known as barlnj sutjar. Gut at about it is couv(‘rt(‘d into a brown 

mass, known as caramel, which is much,used in conftu-t ionary, and for 
tinting spirits, soups and vinegar, etc. A very pun* form of charcoal, 
known as suyar charcoal, is prepared by dry distillalion of sugar. 

Sucrose is optically active and is dexirn-rotalorx . ^riie coiicen- 
tratioii of sucrose in a solution can b(j measured Ly (leicriiiining its 
rotation in ix polarimeter. Sucrose is readily hydrol\sed by warming 
with dilute mineral acids, e.g., dilute ll^SO^, inti) glucosi*. and fruc- 
tose. 


C. JT33O,, H- C,H, 30 , + (\1I ), 


The mixture is known as invert sugar, and tlie process inversion 
of sucrose. Of the tw^o sugars formed, glucose is dextro-rotatory and 
fructose laevo-rotatory but the rotation of fructose is greater than that 
of glucose, aiid therefore, the invert sugar is laevo-rotatory. But since 
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(*anc sii^^ar is (l(ixlro-rf)tatory, this process of liydrolysis is called 
iiivcmioH due to chanj^c of sij^ri in the rolation. The invert su^ar 
is s\veet(‘r than cane suj^ar and is used in r*onfcctionary, and also as 
a food for the infants and the invalid. 

r 

Concjoitrated sulplmric acid ^n-adnallv (haNJinposes and chars 
^aigar -the charred mass froths u]). (’oncentrated nitric acid con- 
verts it inlo ox.ali(j acid. Sucrose* is not dire('ll\ fcMinentable by yeast. 
IV.fore* alcoholic I'ermtMtatlon, it undergoeis inversion by the en/yine 
invcrlaH(\ also present in \(‘asf. 

Sucros<‘ does not show r(*a(dioiis of an aldehvde or a k('ton(\ It 
is not a ri‘diicing sugar. It does not r<‘iliice h'c^h ling's solution, but 
d(K*s so after boiling w iMi .lihite sulphuric add for a few minutes, 
\vh(*n in\('ision into glucose and fiuctose takes ])lace. Jty this ri*- 
aedioii sucrose. (*,an hci drtcchd arul difitinfjiiishrd from the rediu'ing 
sugars, e.g., glucose and fructose, wliich dncclh/ reduce h’ehling's 
solution. 

Test. — A solution of cune sugar is inverted hy boiling wilb dilute sulpliiiiic 
aeirl, and then made alkaline ^vith r-austu* soda solution, niid boil<‘d witli Fehlmg’s 
solid ion. A red ja’eeipdate of eaprous o\ido is formed and delects eaiie sugar. 

C’ane sugai is an iinjioilaid aiticle of food. 

N^F()lysacciiarides. - -Starch and cellulose arc complt'x carbohydrates 
huill u]> 1‘ioni a large* niimbei* of glucose (monosacclufriih*) moleeuli‘s 
with <‘limin«liou ol \vul(o*. 'riu'v an* called ])()ly<a(‘charidi‘s and give, 
glucosi* on a(;id livdrolysis. Th(*jr mc)l(*(ndar complexity is not delimtc- 
ly known, and hence th(*ir formula is giv(*n as ',.11 . In con- 

liast to siinpl(‘ sugars, they are tasteless amorplious sul^statice^ whit*h 
are iiwoluhle iu watc'r. 

Starch, ;iinylum, (< '..H ,,/) ,ki* occurs mi various paris of plants pinlicularlv 
in si’inlh, root^, and tubers (^^lu•rc it forms tin* food reserve for growing plants). 
All kinds of grain siieli as nee (75‘,\,), inai/.e (66-70%) and tubers sueli as points 
(20%), lapoie.i, and .otonmooI . eouiani stareli, and are il.^i chief smnec's. Tin* 
extiaeliuii of stareh is a irieeh.inieal process. ^’he stareb-bearing maleri.d is 
liuely eriishul (*'0 as to break the cell-walls and ich'ase I lie stareh) and inived 
\\itli water, and then jiassoil through .solves which allows the stareh granules to 
])ass through but nol, the eoars*’ partiides of eel! tissue. The starch granuh's are 
allowi'd to settle and tlien separated by eeidrifugiug and dried. 

Siujn starch is made, from the jiith of .sago palm. 

Properties. Starch is msoluhlc in water, hut when heated with 
VNalcr, lh(‘ starch granules swell and hurst, giving au opacuu* solution, 
which sets .’() a stiiT ])asle, known as .sfureli [uisle, on cooling. Starch 
jiasle is us('d in st iffening linen, in sizing psipcr and as adhesives. 

A Milulion of 'slarch is best made by rubbing starcli into a paste' 
witli cold water, and then pouring llie ])astc into boiling water. 

.A solution of starch gives a (lei*p blue colour with iodine solution. 
The colour disappi'ars on lii'ating and r(*appears on cooling. 'I'liis is a 
tleJirrle lest for staicb as also for iodine. When heated with dilute 
iuin(*iMl acids, stareh is converted into a gimiiny mass, called de.rfrin, 
by ])artial h>drol\sis, but prolonged action of the acid gives maltose y 
and tinally glucose, by complete hydrolysis: 

Starch — > dextrin — maltose — > glucose. 
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Diastase (p. 27 ) also converts starch into rnaltcso, so also .<fihvn and paucrcuiic 
juice (which contains ptyahn resemblin'; diastase), TaA'adinaUntc c«ui verts starch 
into glucose, and is given to patients for digestion of starchy food. J)extrt/i 
is prepared by healing starch to about 200 °, and is used as mflicsivo under the 
name (juni. Starch is an important food ^tuff. It is used in ftiaking 

glucose, alcohol and adlicsi\os, and m stiffening linen and paper, and tor 

.laimclry purposes. * 

Cellulose, '^tarch, is widely distributed lliroughout tlm 

vcgctablo world and is the most ahundant of all organic componiids. It is the 
chief component of tlm cell-wall of plants, and forms^ the frame wmk of all the 
vegetable tissm's. Cotlou. fiiion ami hller I'.jper aVe nearly f)iire celUdoM'. 
Cellulose is ii.siially found as fibres which arc suitable for spinning and paper- 
uia.king. V\’ood, juii', hemp, ila\, md sliaw, i b*,. (onl.nii ((■lli,lo\r win. li .s 
assoeiateil with lignin, gurn and resin, elc. 

Cellulose is iiisnlulile in water 'imi i^s 1‘airlv resistant to the .ution of alkalis 
ind ciiiorine, ami al-^o dilute aeuls. It^ luerlness iowauls common rcagmits 
Hccounts for ils ns(! as a, niter papei-. Ciustii- soda, and ililorinc are uficn used 
in gelling ccliulose lived from the impmities like liguin, etc. In making paper, 

for cxarn^jlc, from weod, bamboo, ij,r.)ss, etc., lie' j;i^v m.ilei.d is boded with 

c.iiistie hoda solution tn di>''ol\e nut • lu' iiguin, ele., and llu-n bh'aelied with 
sOflium hypoildorilc. 'The bleached cellulose is then pressed into paper sheets 

v\illi tiic additieai of nialeiial (alum, rosm, tliina clay, ••le ) whii li makes 

(ho paper irnpciwions to ink. 

I’bimiijg liydivcJiloric acid or iioibin, ililnte If SO, coiwcits cellulosi' into 

■j,]uc'''-e 'id>. 'riie r^'aclioii diows lint ({diiilose is made up of * ';lnnisii units only. 
\V<X'd iiiiiN be slim Id] ly iion\crted into '.dueosc. When (cIbiiMse, e,-; . uii-i/.cd 
paper (lilln paper), is dipped into bO per n nt mlipbioii* ,ii id, u l)i'et),iu.. lough 
and ! I aiisliic.M'l . •^Vlleu waslned willi watn*. then ainmonia, .oid ibidly dried, it. 
i)C( omes '-Muujlli and impt rviou.s uid is known as pnrrltun'nt 

\\ !:cn njlinii libi'L" irf‘ treated nmU'r li *>sioii with 20 pn’ ^ .ill *r ansi le Aoda 

snhiliosi, tliey bei nme "lossy aii'l dc\elop ,j silky lii>lrc. 'The inc.iiss is known 

•Is mcrccrisiition afl<*r John Meritr who dis.overcd tlie prisvs-. ni lb}i4. 

Winn liealed with a unxturc of UNO rtml If. St),, ivllulos,- fives .i ser.'" 

ot crlliihi'e iii'ralis Kiuimonlv »ali(d nitrocelllllo.SC. Highly nitrated (ellii , 
long c.ii,. gun cotton, IS Used m leakiieg explosives. iJun cotton is m'-olu]»h' in 
a iiiisl.'Ve of al'oliol and (Mih'f, Imi is soluble in a*-'‘1om' foiiuiiig a. icll\. 'Tlic 
aco(oii(‘ ,'oluiioii is mixed itli niiroglveiiiie and vjiselirio to prt'paiv. cordifc 

('■■/// o/.'f /e.vN' poicdrr for tin' irnidai;. I. Rhisthig ^clnline is a mivture of gim eollon 
ami nil rof lyeeriiic. Le>’S lingbls nit/ated cellulose is known as pyroxylin •iml is 
soluble ill .1 mixlm-e of ahojiol and elhei. TJie ,,olnli'»ii is loiowii as collodion, 
and is used in making aridimal >ilk. and in niodieiiio and pimtograpliy . I’yrfixyhii 
is JiiiAi’d will' campiior ami a]'4)lu>l ami eouxeite^l into celluloid by lieat and 
prcssiiie. (k‘llnl()i<l is lough .imt transpaicnl . and Is n'idily nnmlded xxhen hot, 
and is used for making combs, knife handles. iimt:du)u ivoiy ami tortoi'-o sliells, 
eti-. It is liiglily Inflnmuiahle. 

Cellulose dissolves in a solution of eoi)|.('r* hydroxide in amtiionia. The ''olu 
lion is uMsl in making artificial ^ilk. 

Col mil and wood tvllulo.m are largely iis^sJ for making artificial silk oi rayon. 
Ifaynn is ehieily made by the ri.'iro<n jirttresft. In this method tiu' ei'llnlose (woofi 
pill])) is treated witli strong laiistie soda solution, and then carbon »lisulphide 
when a viscous mass, called vi^roftp, (cellulose \anlhate) results. 'I’he viscose is 
flissoixed in dilnto aqiioiis caustic soda, and th*> resulting solution is forced 
ihrongh sots of fine jets into a bath of ililute sul])hurie acid, xvhen cellnlo^e 
n'gonerates. forming fine threads. The yarn is then hlea<’hed and dried. 

Cellulose acetate is also used in making rayon, known as cclancse. Cellulose 
acetate rayon is superior to viscof^ rayon in its resistance to moisture. Rayon is 
cellulose fibre, but wool and silk are ]>rotein fibre.? and therefore, emit a smell 
of burnt hair on ignition, as they contain sulphur. 

Cellophane paper is made from viscose solution in the same way as viscose 
rayon. It is used as wrapping paper. 

Nylon is a synthetic fibre but it is not a cellulose derivative. 

6— n 
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AROMATIC COMPOUNDS 
Benzene and its Homologues 

Aromatic hydrocarbons. — A small group of plant products such 
as gum benzoin, tolu balsam, oil of bitter almonds and oil of wifiter- 
green, etc., was originally classified as aromatic because of tb(i 
fragrant smell or arorr\(i they all i)ossess in common. 

The aromatic compounds contain a higher percentage of carbon 
than the corresponding aliphatic hydrocarbons and burn with a smoky 
flame. Thus, benzene, the simplest aromatic hydrocarbon., 

contains 9tB*6 per cent, whereas hexane, CgH,,, contains 83-7 per cent 
carboA. 

Experiment. — Hum some hcnzenc ajul hexane in two ])or(*c*laiii basins and 
ol)sei'\o the iniuh larger deposit, of soot in the benzene flame. 

Most of the simple aromatic compounds contain at least .s/ 3 ; carbon 
atoms. I^ie more complex aromatic compounds may hi' converted by 
the action of appropriate reagents into the simplest aromatic hydro- 
carbon benzene, CqUo or its derivatives. But any attempt to convert 
an tu’ornatic compound into compounds with fe\ver carbon atoms thfui 
six (as in benzene) disrupts the entire molecule. Jienzene is, there- 
fore, regarded as the parent substance of alt aromatic compounds 
Compounds (jerived from or closely related to benzene are now called 
aromatic to* distinguish them fipm aliphatic compounds. Tho\ are 
cyclic or ring compounds containimj ai Icaai our hrn%cne ring. 

Coal tar. — Coal tar is the iirincipal source of benzene and many other 
aromalie compounds such as toluene, xylene, iiaphthalprie and carbolic acid, etc. 
Synthetic organic dyestuffs .^re aroinalif comiioiinds. Tlic discovery of the lirsl. 
synllietio coal tar colour inauve by W. fl. I^erkin in 1856 gave a stimulus to the 
study of coal tar products wliich largely helped the development of aromatic 
cliemi.stry. 

Tho dry distillation of coal at high temperulurc (1000° -1400°) yields coal tar 
(about 6 per cent of coal), ammoniacal liqueur (8 p(‘r cent), coal gas (70 per ociil ) 
and coke (17 per cent). 

(Joal tar is a thick, black oily liquid (sp. gr. 1*1-1'2) with un])leasanl smell. 
Water is removed from the tar by slow healing and the tar is then distilled in 
iron retorts — the di.stillate is collected in a number of fractious in separate 
receivers according to specific gravijly or temperature at which the fraction is 
coJlecl-od. The fractions are : 


Tem))eratnro raftige 

Number of fractions j 

Sp. gr. 

• * 

Yield by volume 

Upto 170° 

1 

Light oil or crude naphtha 

1 

0-970 

2-8 per cent. 

170° to 230° 

Middle oil or carbolic oil 

1*005 

8-10 „ „ 

230° to 270° 

Heavy oil or creosote oil 

1*033 

8-10 „ 

270° to 360° 

Green oil or anthracene oil 

1*088 

16-20 „ „ 

— 

Pitch (left in still) 


55-60 „ ., 


These fractions are then worked up and separated into their constituents. 
The major tJonstituents of different fractions are 
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Light oil 


j Middle oil 


Heavy oil 


G^jocn oil 


Benzene, 
, Toluene, 
^’Xylene, 


Phenol, CglipH 
Naphthideiie, 


th'esols, Anthracene, 

Phenanthrene, 


The creosote oil is not separated into its con>til ueiils and is ilsimI as such 
ly.for preserving timber. 'I’he pitch finds uses in roofing and roarl-making. 
Naphthalene, a white crystalline solid, m.p. 79®, is used in making dyestuffs 
(alizarin) and solvents (telralin and dccalin). It acts as a vermin-killer and a»s a 
mild antiseptic, ami is commonly sold as balls for use as a protection against 
moths. Anthra<*enc, a colourless solid with a hlnish fluorescence, m.p. 216°, i's 
used in making dyes. The coal tar hydrocarbons arc the starling point for the 
•synthesis of many dyes, drugs, photographic do\ elopers, explosives, flavours and 
^ perfumes. 

100 parts of tai yield the follo.wing approximate quantities of ])rodncts : 
henzeno 1*6, toluene 0*25, xylene 0*05. phenol 2, naphthalene 4, crco.sole oil 24, 
i^nd liraceno 02 and ]nleh 55 })arls. 


Isolation of benzene. frinli' light oil is ro-di^tlillfd inid ihi* 

dislillaie below 70” is voJeci(*d. The rest ot the disiilbifo is wnslied 
suoe(;ssively with strong* sulphuric acid, watiq*, caustic soda and water, 
/riie sid])hnric ai^d removes the bash* inip\u*itios. e.g., aniliue and 
*])yt‘idiiie, and also some thio])h(*ne ; caustic soda r(‘Tnnves harbedic acid. 
I’lie wash(?d light oil is then distilled nsin^' a fvaidioiiallng column ; the 
distillate is collectml in three fractions- -nairjfdy, from 80-lf)0®, 110- 
140'' and 140-170® respectively. Tlic lirst aiul si'cond frac.tions arc 
commercially known as *90 per cevt heuzoV and ‘50 per ce/d benzol,' 
I’esiiectively — the term refers to the proportion of distillate which 100 
c.c. of the commercial product yields on distillalion below 100”. ‘Hie 
‘fifty per cent benzol’ contains about 46 bt'ucenze, togethi'r nith somi# 
toluene and xylene. 'Phe third fraction is ('ailed solvent naphtha or 
benzine ((tonsists luaiidy of xylene, c^ic.) and is nscal as a solvent for 
ruhlier, paints and resins, etc*. 4’he ‘tX) per cent benzol’ (which con- 
tains 70 pci’ {‘cnL bciiz(*n(‘, 24 per (umt toluem* and a little xylcaie) 
Uiidds eomnuM'cial ben/enK*. toluene and xylene on careful fractiona- 
tion. For liirther piiriii(3ation, the (?ummj?rcial benzene is cooled in 
freezing mixture, when pure benzene crystallises out. Ev^n ihen^ 
H rn}itainii fracM' of thiophene , (\H ^S. 

• • * 

The presence of thiophene in coal-laj- benzene may be shown by shaking a. 
little of the benzene w'ith a iliop of comont rated snlplinrir' iiml a cry-stal of 

i.saiin, when a deep blue colour of indophenin is produced. No such colour is 
gi\cn by benzene made from benzoic acid. 

Thiopene may bo removed from coal-taT by agilalion with small amounts of 
told concentrated sulphuric acid. , 

Benzene, toluene and xylene are commercially known as benzol, toluol, and 
xylol respectively. 

Benzene, CgHg, is the simplest of the aromatic compounds. It 
was discovered by Faraday in 1825 in the illuminating gas made from 
whale *oil. It was isolated from coal tar by Hofmann in 1845. 
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l:)ertlioJet first synthesised it in 1870 by passing acetylene through a 
red-hot tul)e. 

- C,ll, 

( ’oinriiercial hejjzciie is obtained from the light oil fraction of coal tar. 

It ean be made in the laboratory b'y distilling benzoic acid or its 
salt (sodium or calcium benzoate) with soda lime {cf. preparation of 
nudluuie, p. 

Experiment. —Mix So«Uiim bciizoato with twK^e its weight of sodalime, and 
distil the mixture from a retort attached to a condenser and receiver. Wasli 
the f)ily distillate (smelling strongly of benzene) AvitJi water in a tap-funncl, 
diy willi anhydrous (alcinni chloride and re-distil. 

(.’Jl.rOOXa (sodium henzoate) i-NaOll (J JlgH-Na/JOg. 

I’rii/cuo i^s also obtained bv distilling phenol with zinc dust: 

(\41./)iLH-Zn (\.ll, ^Zn(). 

Properties of ben/ciic. — llcnzene is a coKnirlcss liquid (h.p. 80*4'' 
and m.(). .rPj v\itJi a ])cculiar hut not unpleasant smell. Tt is very 
inliaiiiinaldi* and biu’iis with a smoky Ihinie. It is lighter than water 
(sj). gr. ()-H74 al *J()°) and insoluble iu it, but is iriisciblc wdtli alcohol, 
ellier, and ])e1“oI. It readily dissolves fats, resins, sulphur, phosphorus 
jmd iodine. 

'rii(‘ chemical pi'ojicrlies of benzene are tv pica] of aromatic hydro- 
eai'bons and arc' oitiai called aromafhi piopcrtic:^-^ These include: 
(i) Resistance to oxidation. — llen/ene is a remarkably stable com- 
pound and rt'sisis o.vitialion ])\ elirohiic acid <>i’ acid pota^-'-iiiru per- 
mang'-matc. 


(ii) Halogenation, the sul)stitulion «>[ ludrog(*n l)y eldovme or 
bromine. Substiluiiun takes place iu jm-stanic of a catalyst (halogen 
cMi'rier) such as iron pt)v\d(M' or iodine. Ilalogimaicd ]>r<)duc.ls con- 
taining from one up to six atmns of halogen ar** obtained. 

(■j.11, |Ch (monocbloro beii/euc) r HI ■!. 

( t Ch -- r,,H,(.'l.^ (dichloio benzene) -pHCl, and so on. 

(iii) Nitration, tile substitution of h^tlrogeu by the iiitro group, 
— NOo. Ih*nz(me reacts with coiieentrated nitric acid in i^resenci' of 
strong sulphuric acid, furming nitrobenzene — tJie sulpluiric acid absorbs 
the water formed in the process. Dilute nitric ae.id has no action upon 
benztaie. C'j.lIe-i-HO.MO^ — (',.11-. (nitrobenzene) -hll^O. 

(iv) Sulphonation, the substitution of hydrogen by the sulplioiiic 
acid group, -SO^TT. Concentrated sulphuric acid, on. warming, rlis- 
f?olves benzene foi-miiig benzene sulplionic. acid. 

1 + " CjH-.SCgll (benzene sulphonie acid) + IHO. 

Friedel-Crafts reaction, the introrluction of an alkyl or acyl 
^^roup into the benzene nucleus in presence of anhydrous aluminium 
chloride. The reaction is described under toluene. 


(yie + C.,H,Br G,H,.C 2 lT, (ethyl benzene) 

+ CHgCOCl = OgHs.CCi.CH^ (phenyl methyl ketone) + 1101. 
Sulphonation, nitration, and Friedel-Crafts reaction distinguish 
aromatic hydrocarbons from the aliphatic. 
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Unlike the aliphatic compounds which are opoi chain com- 
j)Ounds, the aromatic hydrocarbon benzene possesses Oil 

a closed chmn or ring of six carbon atoms. Benzene (’if 

has a regular hexagon formula with alternate single ' 

and double bonds. The famous German chemist 
Kekiile (1829-1896) suggested* the hexagonal formula ('ll 

lor l)enzeue in 1865. 

Benzene contains three double bonds in a closed ring, and forms 
additive compounds with hydrogen, chlorine an^ bromine. 

(vi) Tn bright sunlight benzene reacts with chlorine or bromine, 
giving benzene hexachloride, CgHgClg or benzene hexabromide, 
OJT.Br,, Tt is reduced to cvclohexane, OgHia, hy liydrogeii in pre- 
siuice of finely idvided nickel at 160°. 

cji.-f-acu - } ;ni, --- 

rjonzene reacts with ozone, forming a triozonule, poiiding to Ihe 
pif'sence of 3 doubl(‘ l>onds in it. 

(henzene trio/onide). 

(vii) Failure lo respond to the usual tests for uusaiv ration — In 
split; of 3 double bonds in benzene, it is very iinlikt* tin* oleiint's, and 
in marked contrast benzene reacts neither with bromine leater nor 
iritli ii solution of potassium permanganate in the cofd^ the reagents 
wliicli re.*i(lily attaclv tln^ olclines. Benzene also forms no addition 
('ompoiinds with* halogen* acids or strong sulphurit* acid (cf. olehnes, 
p 333). Henzene, llierefore, pt>ssesses a pticuliar degi’t^t* oJ‘ iinsatni’a- 
tioii. 

Uses of benzene. — litMizcno is) used: (i) as a bolvcnl ff)r oils and fal.-^, 
(ii) for dry cleaning,, (iii) for motor fuel, and*(iv) for making nil roken/oiie. and 
tlio insert ii'idc (fcun //n .rtnic . 

Benzene and its homologues. — Btmzt'ue is ilie 'slartlng point of 
n lio]nt)logous series, 

BcMizcne, i^ niono\alrnt phciiyl group. 

Toluene, methyl briizriie, ("jTI, or 

.\\lcnr, diiiirthyl hrnzrnr, C^ll,o or C,.lIj.((JH 3 )^. 

Mcsitylenc, a-// ///- t.ri methyl benzene, C,H ,3 or 'll 

The monovalent radicals of the aromatic liydrocarbons, (*.g., — phenyl; 
tolyl, etc., are known as aryl radicals (cf. alkyl radii a 1.^) 

Tolune, methyl b(inzene, ])hcriyl methane, CgU,,.Grr., is the first 
liomologiie of hc^z(^ne^ Toluene received its nam(^ fnnn tolu balsam, 
a resin, from which it is obtained by distillation. It is intidcj from coal 
far by frnc;tipnal distillation. Tt also occurs in Assam and Born(»f> 
peiroicum. Toluene can bo synthesised by : (i) Fittig^s mdthod from 
bromobenzene and methyl iodide by the action of sodium in dry ether 
medium. CeIT.,Br+CH 3 l-k 2Na Cgll^.Cng-fNaBr fXal. 

Sodium is added in thin slices to a mixture of bromobenzene and methyl 
iodide in dry ether solution, when the reaction begins .^fiontaneonsly. After the 
reaction is over, the liquid is decanted from the sodimri salts and toluene 
separated by distillation. The method recalls Wurtz syntliesis of paraffins. 

(ii) Friedel-Crafts reaction from benzene and methyl ehloi ide in 
presence of anhydrous aluminium chloride which acts as a catalyst. 
CeH„ + CHgCl = C^Hg.CHg + HOI. 
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Aiiiiyilroiis aluniininni cliloride is addml lo benzene and methyl chloride (a yas) 
js passed in, wlieii hydrogen chloride rapidly evolves and toluene is formed. TJie 
pioiliicl is jionred into water and the upper layer of oil is removed and frac- 
liouatod for toluene. 

Syiithosis ol' toluene from benzene shows it to be methyl benzene 
(’^11 .011.,. Higher homologiies can be synthesised sirnilarlv. 

(yr,. + 0,HJ^r-. 0,,H5.C,H/(ethyl benzene) + ncl. 

lienzeiH? reacts witli acetyl chloride in presence of aluminium 
chloride to give phenyl methyl ketone, also called acetophenone (a 
hypnotic]. C,ir, + Cifi3COCl - C.H^.CO.CIT, (acetophenone) + H Cl. 

Aromatic hydrocarbons alone undergo Friedcl-Crajts reaction. 
A'cHlirj^ho paraffins nor olefines share this property. 

,,,^^/Nucleus and side chain. — The aromatic part or ring in a compound 
lik(; loliieiK’ is known as nucleus and the aliphatic part is called a 
side chain. Toluene contains a nucleus (benzene ring) and a side 
ehaiu (the methyl group, -('113). On oxidation the side chain is eon- 
verle<l into a carboxyl group, — ('OOH, the nucleus remains intact. 
'Ihus, ou oxidation with chromic acid or permanganate toluene yields 
lien/oic acid. 

CJI,.CH 3 + aO - 0,H.v<'C0H I-IU) 

Any side chain such as ethyl, propyl, pic., containing seveial 
carbon atoms, give a carboxyl group, — Od)()ir, on oxidation. 

Properties of toluene, — Toluene is a colourless liquid with a beu- 
/ent‘-like spiel}. It is lighter than water (sp. gr. 0.869 at 10°). It 
boils at 110° and freezes at -98°. It closely resembles benzene in 
prof)ortii‘s. 

Action of chlorine on toluene.- Tolueru' like benzene, uiulin*goes 
substitution by chlorine. Deptauling on conditions, substitution m.ay 
take [dace in the nucleus or in the side chain : 

(i) Tf chlorine is passed into cold toluene in presence of a halogen 
carrier, t*.g., iron powder, iodine, etc., substitution takes place in the 
nucleus, lorming ortho- and para- chloro toluenes mainly. 

Thei'e avii thrtu^. isomeric monochlorotohiencs, the relative position 
of clilorine with respect to the - group being different in each 
case. They are known as ortho (1 : 2), meta (1 : 8), and para (1 : 4), 
or in short, 0-, m-, and p- respectively — the position of the C l I, 
group in tin nucleus is taken as 1. 
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(ii) If chlorine is passed into boiling toluene substitution takes 
place in the nucleus and the following products are formed succes- 
sively : 



UALOCtEN compounds 


87 


Ben/.yl ehlorkle, 

Benzal chloride or benzylidone chloride, CgHj.GHClg. 

T3onzo trichloride or bcnzenyl chloride, C^H-.CClg. 

Uses of toluene. —Toluene is the starting material tor making sacgaharin 
1550 times sweeter than cane sugar), T.N.T. (trinitrotoluene), and many dyes and 
drugs. Toluene, like benze?ic, ist a solvent and motor fuel. 

XV r 

HALOGEN COMPOUNDS 

Aromatic halogen compounds, — The hydrogen nUnn on the ring 
of the avomalic liydiocarbons iimy be replaced by chlorine or bromine; 
the resulting compounds are anjl halUics {cf. alkyl halides). 

Chlorobenzene and bromobenzene. — They are made by passing 
dru elilorine (or adding bromine drop by droj)) into benzene in presence 
ul SOUK* ij'ori j)ov\’de]‘ until the requisite specific gravity oL' the product 
is reaeluMl. 'Flu' ])roduct is purified by distillation, [odobenzeue is 
made l)\ tlu^ action of iodine and boiling Jiiiric acid on toluene. 

i 21 m- 0(11x03) - 2CVi,rM-ii,o. 

1'Iie thu'C ary] liqlides are colourless liquids and heavier than 
wati'i' in wliicli tliey are insolubh^ Chlorobenzene is used in making 
I) D.T. and sywlltcrtic [)1ien()l. 

Chlorotoluene, (’JljlCLljCl ■ It (exists in three fsom^ric forms, 
tli(‘ ortlio-, meta-, ami pai*a- compounds. Tlie o- and p- chlorotoluenes 
ar(^ made by dii’ect ciilorination ot iolueue in pi*('sence of a halogen 
cavrioi* (p. 80). ^Jlie (dilorotolimes are* colourless liquids, resembling 
eliloi’ohiaizene. 

Benzyl chloride, benzal chloride and benzotrichloride. — They are 
made by chlorinating tohu*ne in the side chain, (-hlorine is passed 
int(j hoUiuff tolue))e until the requisite specific gravity of the product is 
jeached. The product is Ihcn separated by distillation. 

C,ll,.CH 3 -f-Clo -- G,U,.CH/;i (benzyl chloride, b.p. 170 ")m-HC 1. 
('^.iL.(’H 3 + 2CL r,ji.,.CliCL (benzal chloride, h.p. 206 °)h-2HCI. 

C, IL.CHg + SCd. -- Cfill^CCl^ (benzo trichlonde, h.p. 213°)-f5HCl. 

They are colourless liquids, heavier water, in which they are 

insoluble. 

Properties of halogen derivatives. — Nuclear lialogen ^compounds 
(aryl halides), o.g., chlorobenzene, chi oro toluene, have agreeable 
smell, but compounds with halogen substituted in tlw) side chain, o.g., 
benzyl chloride, etc., have pungent smell and attack the eyes, tn 
comparison with the alkyl halides, the aryl halides are very unreactive 
— the halogen is firmly attached to the nucleus. Thus, chlorobenzene 
is unafTected by such reagente as dilute acids or alkalis, moist silver 
oxide, alcoholic potash, alcoholic ammonia and potassium cyanide, 
which readily affect an alkyl halide. Aryl halide, however, reacts 
with mtallic sodium in ether medium (Fittig's method, p. 85). 

C,H 3 Br + 02H-Br + 2Na= (ethyl benzene) + 2NaBr. 
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But the side chain halogen compounds closely resembles alkyl 
halides. Thus, benzyl chloride readily reacts with aqueous alkali, 
alcoholic ammonia and potassium cyanide. 

Cf.y.jiCngGl + NaOH = Cgll^GHjOH (benzyl alcohol) -i- 2NaCl. 

CJijCHaCl -f 2 NH 3 = CjUgCH^NHa (benzyj amine) + NH.CJ. 

C,H,OH,Cl + KCN = C«H,CH,CN (benzyl cyanide) + KCl. 

Benzal chloride on hydrolysis viitli aqueous alkali, o.g., milk of 
lime, gives benzaldehyde : 

C,lI,CHCl, + Ca(OII), CJTXJUO + CiiCl i lU). 
Benzotrichloride on hydrolysis with milk of lime or steam under 
pressure gives benzoic acid: CJI .CCI 3 + 2 H 2 O r. Cgn^GOOH-} 31TC1. 

Benzyl chloride, is isomeric with chlorotolucnc, OgH^{CIl 3 )Cl. 

Rut on oxidation with alkaline permanganate chlorololuene gives rhlorobenzoic 
acid, CgH^Cl.COOH, whereas benzyl chloride gives benzoie acid. O^H,,COOH. 
Hence oxidation offers a method to distinguish between miclear and side ciniiii 
chlorinated hydrocarbons. 

CJLGH.CJ + 0, (benzoic acid) + 1101. 

OgHj(Cn 3 )Cl H- 30 -- C-gH^(^1.00()lf (cldoruliciizoic aiid) 4 - II. O. 


XVI I 

'NITROBENZENE 

Nitrobenzene, is made by direct tiiiration of bojzciu- 

with nitric acid; usually a mixture of coTicentrated nitric and sidpliuiit* 
acids (‘mixed acid‘) is used in hitrotlucing a uitro gioup, - XO^. into 
the benzene nucleus. IK).X()^ r. Cj.Ji,N(K4- J LO. 

A cold mixture of concentrated nitric acid of bp. gr. 1*45 (60 g.) an*i 
concentrated sulphuric acid (80 g.) is slowly lun from .a tap-funnel into well- 
ci)oled benzene taken in a flask, which is well shaken during the process — the 
temperature is kept at about 35-^0® by cooling the flask in water. After all the 
acid has been added, the flask is heated for half an hour on a water bath — during 
this operation tho flask is shaken frequently. The flask is then cooled ami its 
contents poured into a large excess of water — ^nitrobenzene .separates at the bottom 
as a heavy palo yellow' oil. The oil is separated by a tap-fiinncl, washed with 
water, then with dilute sodium carbonate solution until free from acid, and 
finally with water once more. The nitrobenzene is then nm off and dried over 
anhydrous calcium chloride until it pecomes clear. The oil is then filtered into a 
distilling flask and distilled, using an air condenser — the distillate collected 
between 205 — 210*^ is fairly pure nitrobenzene. 

Properties and uses. - Nitrobeuzene is a pale yellow oil (b.p. 
205°) ol sp. gr. 1-2, at 20°. It is insoluble in water and is poisonous. 
It has a pkmsani stnoll lik:' that of bitter almonds for which it is 
often substituted iti porfumes under the name of oil or essence of 
mirhane. Tt is also used in scenting soaps and polishes. But its chief 
use is in making aniline and benzidine. , In strongly acid solution it 
is reduced to aniline by nascent hydrogen — suitable reducing agents 
are iron filings, granulated tin or zinc, \vith strong hydrochloric or 
glacial acetic acids. 

C.H^NO. fGll - CcH,.NH, (aniline) +2H,0. 
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ANILINE 

• 

Aniline, aminobenzeiic, phenylamino, CgH^NHa. — Aniline* was 
first obtained in 1826 by distillation of indigo from India. The Portii- 
gut'se name for indigo (Sanskrit nil is dark blue or indigo plant) is 
rta/7. and hence the name auilinc. Aniline occurs in small quantities 
in coal tar and bone oil. 

In the laboratory aniline is prepared by ^reducing nitrobenzene 
with tin and conceiilrated hydrochloric acid. 

C,1I,,N()..h (ill (.\ll,Nri. (aiinine) + 2UJ) 

(^,l-l,Nll,4-HCl r,lI,Kri,.]iri (aniline, hydrochloride) 

Nilro))en/.i*iie (25 ^.) and grainilaU’il tin (50 s^.) an* taken in nuiiul-bottoin 
flask fitl-cd with an air rondenser and eoiicontratcd liytliothloric acid (100 c.c.) 
is added in small amounts (5 10 c.i.) at u time with .sliakinn;. Alnch heat i.s 
ovolved and lienee the flask is cooled in water to ])re\ent the rofwd ion-mixture 
from hoilini^. When all the acid is added (in roinsL' of half an hour), the ilask 
IS heated on a water hatli until smell of nitrobenzene has disappeared (about 
one luiiir). Tin le.icts with h>di‘oc*hlorie a(“id, giving nascent hydrogen whii'b 
K'diices nitrobenzene to aniline. Aniline, being a base, coinliines with bydro- 
ehloric ai i<l forming aniline Jiydrocldoridc 

After tlio reduction is complete, the tlask i.s cooled and ifn exci'ss of strong 
caustu soda solution (50 ^m, in 100 added until the liquid is alkaline to 

Idieri'te anilim* ftom its salt —the liberated aniline floats on the surface as a dark 
oil ai'<l I's scpnral»*rl by ui xlvam^ 

Steam fiom the can II is jmssed into the flask K containing the liberated 
aniline, f’iie flask (Htted with a condenser and recidvcr) is placed dii a slojung 
position and liealed on a .sand tray (fig. 7).* Aniline is volatile in steam. Tho 
Nleani e.inics with it tlie Miyiour of aniline whieh is eondensed and i‘olleete<l with 
the water in the receiver. The aniline in tiie iVceivcr is then separated by shaking 
ill a t.ijj-finmel Mill) ether, whieh dissolves tho anilim*. The ether layer is then 
dried o\er anlivdrous solid (austic potash, and then deeanted into a dry fla,sk. * 
'The ether is distilled off on waterhath, and then the aniline is distilled over 
the Ihime, using an air condenser ami the distillate between 182-185° collected. 
.\nilnic boils at 182-183°, 

Steam distillation. -“Hh* boiling point of two immiscible liipiids 
(liqiids wliicli ilo not dissolve into om* ;iTinili(T) is d(*tcrmiiu*d by Ihcir 



Fig. 7 

combined vapour pressures. When this is equal to the atmosplieric 
pressure, the mixture boils and both liquids distil. The distillation 
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placet- at ii tenipojfituve which is below the normal boiling point of 
water, i.e. below 100’’. This is the principle of steam distillation. 
At about 08’5® the sum of the vapour pressui’es of aniline and water 
i‘<juals the atmospheric pressure, and the mixture boils, and therefore, 
aniliJU' distils in stiaun much below its own Ijoiling point. 

Organic liquids whicli are volatile with steam but are immiscible with water, 
can be purified by .steam distillation. The process is useful in purifying organic 
substances which are likely to decompose when liealcd to their normal boiling 
points, o.g., glycerine. Steam distillation is of ]>ractical value in separating an 
organic substance from non-volatile impurities. J?ose oil is separated from rose 
])cta]s by ste.am distillation. 

Commercially, aniline is made by reducing nitrobenzene with iion tilings, 
water and some liydrochloric acid, instead of (very expensive) tin. Th aniline 
is liberated from its salt, aniline hydrochloride, by cheaper milk of lime, and* 
then steam distilled. 

Aniline is abso made technically by reacting chlorobenzene with aqueous 
ammonia under high pressure at 2 (X)° in pre.spncG of cuprous oxide and chloride, 

2C;,1LC1 + 2NH, fCiuO -- + 

Aniline can also be made by electrolytij* reduction of nitrobenzene in a mix- 
ture of sulphuric acid and alcohol. 

Properties of aniline.— (i) Aiiiliuo (b.p. 183°) is an oily liquid 
(sp. 1*024 at with a characteristic smell ; it is colourless, wh(‘U 
freshly (listillcd, but readily darkens on (‘xposnre to light and air. It 
is very sparingly sohible in water atid dissolves readily .in alcohol and 
ether, Jt is poisonous. 

(ii) It is' a very irealc base (weaker than aliphatic amines, c.g., 
CJf.NlT.,, and amiYionia) and forms salts wdth acids, o.g., aniline 
hydrochloride, 0 IfOl, aniline sulphate, (C,H,Nir,)..H 2 S(),, 
— the salts arc solul)le iu water Imt the solution gives acid reaction 
due to hydrolysis. (\1T,NH,.HCI <=> 

(iii) Carbylamine reaction. — Aniline is a primary aromatic amine, 
and like aliphatic primary amines, it gives carbylamine reaction when 
warmed wdth chloroform and alcoholic potash — ^phenyl isocyanide, 
('gir;,N(l of intolerable smell being formed. 

r,ll,NH.-f(lJlCl 3 -i 3KOJT .. (\,IT NC + 3KGl-f 3IT.O. 

(iv) Acetylation. — Aniline (like an aliphatic primary amine) undev- 
.goes acetylation, i.e., the acetyl gronp, GH 3 CO-, replaces one of thci 
hydrogen atoms in the amino gi’oup, when fi'eated with acetyl chloride, 
acetic anhydride, or even glacial acetic acid, yielding acetanilide, 
0 ,TI,Nir.C 0 GH 3 . 

G -f CICOGH 3 - C,H,NH.GOCn 3 +HGI. 

(v) Methylatioii. — Aniline, like aliphatic amines, undergoes 
methylation when heated with methyl iodide under a reflux condenser,- 
yielding methyl- and dimethyl aniline. 

C,n,.NHa + CH,I C.H.NHCH, (methyl aniline) + HI 
C,H,.NHCH3 + CH,I (J,H,N(CHA3 (dimethyl aniline) -f HI 
\y^i) Diazotisation. — In acid solution aniline (e.g., a solution of 
aniline hydrochloride in dilute hydrochloric acid) reacts with nitrous 
acid in the cold, forming benzene diazonium salt. This is known as 
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ilia^o reuclion. On \vai*miiig the lesuUing snliitiow, the (Imzoniiim saJt 
is ilocomposed by yielding phenol. 

c,ir,.Nn...iici 

h XO.blJ Cjf,xxi f 211.0 

llcnzene diazonium chloride 
(\dl-N.aH-H.OII G,H,OH (phenol) + N, + HC1 

.1 pihnanj aromatic amine suck as anUine alone gives the diaza 
reart ion. An aliphatic primary amine does not give diazo reaction but 
forins alcohol, nitiog(*n and water when treafed with nitrous ac?id. 
CJLNIL + NO.OII CJI.OH iN, 1 lU). 

(vii) SulphonaHon. — AVhen treated with I'uming sulphuric acid 
■ ao 180" aniliiie forms aniline-p-snlphonic acid or sulphanilic acid, 
0,,JI,(Nir,).S0.^I-l, used in making «lyes, e.g., methyl orange. 

110.80,11 C\II,.(Nll.J. 803 ir-f.H 30 . 

Aniline >'nl])liaU 5 on healinj^ at 200® also gives snlplianilic aei.l : 
p-NIf,~OJI, SO 3 H H- H 3 O 

(xiii) Bromination. — Aniline readily reaids with bromine water, 
giving a white precipitate of 2-4-G tribromo aniline, C-Jl.llra.Nll.. 
iJhloiiiie reacts siinilai’ly, giving 2-4-(> trichloro aiitline. 

C,lT.,.Xir,V3 Hr. -- (\.ll.,Br,.\H, 1 UBr. 

(ix) Nitration. — Aniline is readily oxidised by concentrated nitric 
acid (the jiiniiio group being destroyed), and hence e.ffect nitration 
the airiiiio group is tirst * protcetcd\hy acef nUition by hoiling with 
glacial ac(‘tic, acid wlicu acetanilide, (.yH,N 1 r.( 10 ('’'H,, is formed. 

The acetanilide, on nitration with fuming nitric acid in the cold, 
gives 0 - and ])- nitro acetanilides. These compounds on liydrolysis (by 
boiling with strong hydrochloric acid) yiel<l o-nitro aniline and 
p-nitro aniline, 

(:,H,.Nn.(T)(Tr,-hi[O.NO, n. No...c,Lf,.Nir(;ooii 3 -i-H.,o 

Nil, COCK, fH.OH N0..r, If, .NH. + 011300011 . 

(x) Ariiliiu; is very sensitive to oxidising a^cnl'^. A solnlion of polassiuiri 
didiroinale iicidilied with dilute snipliiiric acid o\'i<liscs fiuilino to aniline blacky 
.111 important dye 

Uses of aniline. — Aniline is used in making many aniline dyes, and 

drugs, e.g., aloxyl and antifebrin. ^ 

Tests for aniline. — (i) Aniline gives carbylaminc reaction. 

(ii) It gives aii intense violet colour with a solnlion of bleaching powder or 

sodium hypechlorite. • 

(iii) Aniline (c.g., an aqneoi].s solution of aniline liydrodiloride) gives a while 
precipitate of tribromo aniline with bromine watei-. 

(iv) Aniline gives diazo reaction. A cold solution of sodium 
nitrite is added to an ice-cold solution of aniline hydrochloride in dilute 
hydrochloric acid, when the solution turns yellow and contains benzene 
diazonium chloride. On pouring this .solution into (i) a solution of 
phenol in causic soda, a deep orange red colour develops, or (ii) a 
solution of beta-naphthol in caustic soda, a scarlet precipitate is 
formed. The diazo reaction identifies a primary aromatic amine. 
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Acetanilide, phenyl acetamide, antifebrin, O5H5NH.COCH3. — ^It 
is prepared by acetylation of aniline (p. 90). 

A mixture of* freshly distilled aniline (10 c.c.) with glacial acetic 
acid (lO^c.c.) and actyl chloride (10 c.c.) is gently boiled for about an 
liour in a flask fitted with a long glass tubii (to condense the acetic 
acid vapour which is given off) ; the contents of the flask is then 
poured into water, when acetanilide is precipitated as a crystalline 
mass. 1’his is filtered and re-crystal ised from water. 

C,H,NII.C0Cri3 + H20, 

Acetanilide is a colonrlcss ci*ystalline solid, in.p. 114*’. It is sparingly soluble 
iji cold water but readily in hot water. It is hydrolysed into aniline and acetic 
acid by boiling with strong hydrochloric acid. Tlic reaction recalls the coni- 
])a table behaviour of acetamide (p, 51). 

C.H.NH.COCn, -f HOH - -f CIT.COOH. 

Aeelanilide is used in jnodicine as a febrifuge (to roduec the body Iciiipe* 
lure) inidgjp-the name of antifebrin. 

diazo reaction. — The (iinzn reaction Avas discovered b\ 
1\ (Iricss, a (.i(irinan chemist, in 1800, and is vtMy useful in organic 
syiith(‘sis and in making the synthetic dye-stuffs, known as a::o-thfCM 
Aromaiic primary uminos such as aniline give diazo reaction (p. 0(1 
and 91), and the process is knowm as diazoli^atiop. 

Several important reactions of a sail i.e., benzene dia/e- 

niiiru chloride, are mentioned below; 

(I) On bbiling an atpieous solution of ilie dinzo sail nitrogen 
evolves and phenol is formed. 

c,H,N.ciH-ir.oir CvTi^pn i K,-+-noi. 

(ii) When the dia/o stdt is r(‘(luc(‘(l witli a solution of sodium 
^tamiile, beiizeiu* is formed. Tlie reduelioti may also ])c done b\ 
hoiliiig with alcoliol. 

0 jr,Npl -H NaOn4, Ma,SnO. - ( V.l I, -F + NapnO., NeCM 

-- o,H,+k-(-(’iT3(?Ro+irc] 

(iii) When the diazonium salt is \vavm('d witli ])otassium iorlide 

solutio^aodobenzene is form(*d. Kl -- (\ 1- N.^-I KOI. 

Sandmeyer reaction. — When a solution of the diazonium salt 
is ireated with; (a) a solution of cuprous chloride in hydrochloric 
acid, (Ji) a solution of cupioiis bromule in hydrobromic acid, (c) a 
solution of cuprous cyanide in potassium cyanide, chlorobenzene, 
hromohenzone, and cyanobenzene (phenyl evanide) are fornted res- 
pectively. 

' + iCuOlJ = CJl,(’l -H N„ -I- [(hiClJ 

0,H,N.C1 + (^iiBr 1 (!. H.hr -4- N . (hi(M 

4' CuCN - C„H,(JN 4-'N, 4- CuCN. 

Thus, via ihr formation of a diazo salt the amino grovp, 
in andine may be replaced by //, OH, Cl, Br, I and ON. 

(v) When reduced with stannous chloride and hydrochloric acid, 
henzene diazonium chloride yields phenyl hydrazine, CfiHgNH.NHo. 

C,H,N NCl4-2SnCL4-3HCl = CQH,NH.NH3 4-2SnCl,. 
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PHENOLvS 

Phenol, ciuboiie acid, 0,. 11.^011. — Phenol is hydroxy beifzene, in 
\vhi(‘h a hydiogen atom oJ? Hie nucleus is replaced by hydroxyl. Stiuc- 
tnrnlly. it is apparently analogous to an aliphatic alcohoi, e.g., CH.,Oll 
and (-^lld.)!!. Hut unlike tlie latter, phenol /.s* a weak acid, although 
it fiossesses some pvoperlius of alcohols. Hut an aromatic alcohol like, 
ben/yl alcohol, (\JIXJJ I^OII. which contain^ a hydn^xvl group in the 
side i*Iiain, is the r(‘al analogue of an aliphatic alcohol and possesst's 
Hie pn)perti(‘s of true alcohols. 

Source of phenol* — "Die iM.iiii sourie of plu*iu)l is roal tar. 'Dai iiiuidlc oil 
of Loal tar n)nl.nns plicaol (oi»i;lhor witli iiaplitliiilciu*. On cooUni; 

tiaplil lialonc luo.slly chipoiails ami is soparatLMl by riMif lifui^im;. Tlio liquid is then 
Iroa-lPtl with laiislic soda soluliun to dissolvo tho ])lu‘n<)l as sodium plienato. Tho 
allv.iliiU! liqiiiil is si‘|jat‘.ited ^'rom any nnilussoK cd oil, and llu'u JU’idiriod with 
siiljdnirif arid (oi* (arhoii ihoxido i'> ])asM‘d inm lupml) whoa )ihen()l soparatis 
nil the siufaro as a dark-ocdonrrd oil. 'Dio nil is iianovcd and dislillod — I he 
dislillaU' is almost piiic phenol. I ton of coal c:i\t‘s about 1‘5 lb. of plnmol, 

C,H,OH + NaOn OSa (so<liiim phen.iU ) 4 11,0 

(',11,0X11 -1- K.SO, - (\H,01T 4- XaHSO,. . 

S\nHi(‘(ic |)h('7iol is made ti‘clinicalls from ben/iMu^ by two 
nicihuds: (i) Sodium* beiizinit' sulphonate is Tu-imI witli (;aiisl/ie soda at 
doiD to giv' sodium jdienate. 'Du' sodium iilicuaie, is dissolved in 
walei’ and Hie ‘solution Iris-iled with suliilmiit* .icid* f)r*r;arbo)) dioxidi' 
imdin“ pre^suri^ lo liber.ali' phenol* wliich is Hum separal(‘d 1)\ dis- 
I illation. , 

(\,ir,SO,>:a-;-L>N'a()|[ - ('.IhONa : Na SO^ MU) 

(\,H,()\a i Jl,0 ! CO, - ( ,11.011-. XalK’O^ * * 

Ihni/cmi' on sulphonation by heating with eoncenti’atcd sul^vmie 
acid, vields betizeno suljihonic acid. 

(^,H, 4- 110.80311 CJl,.SO,T( MT>0. 

(ii) ( 'liloroben/e is luaiLi'd with a 10 per cent caustic soda solution 
a1 .‘1*20'^ uudin* a pM'ssiire of 200 atinosphen's in copper tubes, wlum 
''odiiim plienate is fornu'd. (*o])per acts as a (‘atalyst in the y^roccss. 
(\,ir.ri4 2Na0ll -- 0,11 ONa4NaCl-|-n,0. 

The plumol is then Jibeiated by»acid or carbon dioxide. Hiui/ene 
IS con vented to chlorobenzene by direct cblorination fp.,87). 

In* a recent method chlorobenzene is catalytically hydrolysed with 
si ('am at 420° to phenol, and the regenerated HCl is u*sed in presence 
of air and a catalyst to chorobenzene which again goes through the 
process. r,TT,Cl 4- JI.OH --- C JT,011 4- HCl 

0,11, d- IICl + O (air) = CeH,Cl + H,0 

Benzene diazonium chloride on hydrolysis with water gives phenol 
(p. 92), but this Is not a ‘technical method. 

Properties of Phenol. — (i) Phenol forms large, colourless, deli- 
quescent crystals which melt at 42® and boil at 183°. It turns pink 
on exposure to light and air. It has a characteristic smell, is highly 
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poisonous and has a strongly coiTOsive action on the skin, quickly caus- 
ing blisters. It possosN'.'s antiseptic properties. It is freely soluble in 
alcohol and ether, but moderately soluble (1 part in 15) in cold 
wattT ; Kbove 08*^ phenol is fieely soluble in water. Phenol is volatile 
in steam. 

(ii) Phenol is ii very weak acid, (even weaker than carbonic acid) 
and rc‘adi]y dissolves in caustic soda (or potash), forming salts, called 
lihanatPft or phr.noxidcs. tiodium carbonate^ hnircvcr, has no aciiou 
upon phenol. An aqiieoils solution of phenate is strongly alkaline to 
litmus due to hydrolysis: C JT^ONa-h HOII ('^IPOJl 4 NaOH. 

A phenate is decompf)se(l by acid — ovoii a i'ecldo acid like carbo- 
nic acid decomposes it — liberating phenol. 

0,11 ,pNa 4 up 4 C( - ( ’,1 1,0 11 4 Na H CA ), . 

The. decomposition of ]»henales by carbon dioxide is utilised iu separatin'; 
phenol from acids such as benzoic acid, salicylic icid, etc., whose sodinin salt i> 
ikjL acted on by carbon dioxide. A mixture of ]»hciiol and benzoic acid (oi 
h.'ilicylic acid) is neutralised with caustic .‘?od,'i, foiiniiijs; sodium phenate and 
henzoate (or salicylate). On passing carbon dioxide th rough the solution, phenol 
is M‘t free and is extracted with ether. The ether is removed on warming llie 
etlior extract on water bath — the residual oily liquiil is phenol. The alkaline 
stilnlion wliieli oontairis the benzoate (or salicvl.itv') on acidihc'dioji with hydro- 
j'hkji'ic acid, precipitates benzoic (or salicylic) acid. 

(iii) Phenol shows alcoholic properties in forining esters and eilu'rs. 
Wlien heated ^^ith acetvl t*hlori(le or acetic anlndride, pluaiol gi\(‘S 
acedate, Ojip.CQCH, '.’C^llpII hClCOOlT, -- C,U,().C().(dl, 4 lICl. 

With benzoyl chloride in presence of caustic soda solution, plieuol 
gives phonvl hen/oate C,,ILp,(T).(\.l 1 ^ (Schotten- Baumann reaction). 

0,HpH4('lCOOcH, r- c\[lA)AA)i\A\ , IWl, 

Sodium phenate reacts with alk}! halides on heating, giving 
])heiiol ethers {Williamson sifnthesix), 

C,IipNa4 ICH'..- i\nAH'\\\ (ams()le)4Na]. 

(\TjpNa 4 JCJl, - (l,lU)(’.,li; (phenetole) 4 Xal. 

Aiiisole (phenyl tnothyl ether) and phenetole (phenyl eiliyl ellicr) 
arc fragrant amelling liquids. 

Phenol reacts with phosphorus pentachloride, giving cliloro- 
Inuizeiie. 

(VP,PI 1 f-Pd.. -- (\.Il,(M4 P()(M,4lT(1. 

(iv) Phenql readily undergoes suJphonation and nitration.^ Yielding 
jiheiiol sulphonic acid and nitrophenol, and lienee in its reaction with 
sulphuric and iiilvic acids phetiol acts as an arf)matic compound and 
noi as an alrolio]. NHraiion can be done bv dilute nitric acid. 

(VHPH4H0.S(\1T (011).(\ ip.S(),ll 4 H..O 
(\,ri,OPT 4 HO.Nb,- (()n).C,H,.N 03 4 Hp“. 

Picric acid is 2-4-6 trinitrophenol, Cf,H 2 ( 0 II)(N 03 ) 3 , an explosive. 

(v) Phenol is reduced to benzene, on distillation with zinc dust. 

C,H,OH 4 Zn CJi, 4 ZnO. 

(vi) Aniline is obtained by heating phenol with a compound of 
zinc chloride and ammonia. 

CeH, 0 H 4 Z 11 CI 2 .NH 3 = C.H^NH^ 4 ZnCl^ 4 H^O. 
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(vii) \\ itli bromine water, phenol remlily and quamitativciy gives 
a white precipitate o{ 2-4-(l ti'ibromophenol. 

Tests.~(i) An aqueous, solution of phenol gives (a) a violet mlour wiili 
terric clilui’ide solution and (b) » while x>rocipitate witli broiiiiiio waiev. 

(ii) Phenol gives Licbcrmaim’s reaction. Phenol is gently canned ami a 
minuU) crystal of sodium nitrile and 2 or 3 drops of eoucenlrated snlphuvie acid 
added to it — the solution turns brown which quickly changes to blue. On pourmg 
in water, it turns red, but is turns blue again, tui adding caustie soda. 

Uses. — (i) Phenol is a j)owoi ful antiseptic, disinfectant and a germicide, and 
hence its use in dilute solution (3 jior i‘eni) in dressing and waNhiiig wounds, and 
lor disinfecting surgnal instiMimcnt*'. moms, «'ti . 

"riu* common dismf(*ctants (trade name.s cli.) are hut mi\‘ 

tnies of nfKft/s (cresols, ( 'Jf ^.(rFf J.OII, are ])lienols which arc also present in 
coal taj) and soap s<ihilion. 

(ii) Phenol is used in making plastics, e.g., bakelitc, e\))losiNes. o.g.. picric 
acid, dcvelojiers, e.g., metol, dyes, e.g., plienopbthalein, syntlielic fibre, c.g.. 
nyl»)n. drugs, c.**., aspinn, salic\lic acid and salol (antiscqitic), HaUelite is made 
by comioiising i>licriol and formaldehyde in presence of ammonia. 

Oi- and trlhydric phenols.- Ordinary ]>hcnol is nionohydroxy benzene and is 
called monobvdvic phenol, but if more than one hydrogen atom ni the benzene 
nucleus is rcplaeed by liydroxyl groirp, the di* and tri bydri^ phenols, eli., an* 
obtained. 

'fhere are three i.someri( dihydric jihenols ; 

Cdti 1 : a dihydroNy henzene, Ortll,(OiI),, in.]). 104 

Jfn^orchdtf ^ 1:3 dihydroxy henzeme, C\Jl,{OH)^, in.)). HO'*. 

1:4 dihydroxy henzene, ("..H .(Oil ni.|). 160" 

Qiiinol is also called hydroqiiiuone. 

Re.sorcinoK 1 3 dihy<!i'o\'y hcn/cuc, O.^lljOH) , is a mlooilcss ciyslallim 

solid (m [I. IIO"^, which is iea<lil> soluble in water, alcohol, ami ctiur. Ils 
rc.'U'lions resemble those of phenol. 1’hns it gives a deep violet colour wdlh feme 
chloiidc solution, and a precipitate of Iribromo resorcinol with bromine. ft 
iviiuces Feliling’s solution ami also arumoniaoal silver nitrate, but it is not as 
])o\voi’ful a reducing agent as cato<*hol and is of no value as a dc\ (doper. It la 
mainly used in the preparation of the fluorescein and cosin »lves. Pesoreinol is 
made by fusing .sodium salt of m-benzeiie disulphonic acid with caustic soda. 


^SO.Xa + 2NaOH. 4 2\a,SO, 


80jNa OIT Uesorcinol 

Therefore, resorcinol is in-dihydroxybenzeiii;. 


Benzene oy sulphonalioii (p. 84) fiist gives benzene sulphonic a(''id, and then 
m-benzene disylphon ic acid : , 

+ HO.SO,H — ><^ ^SOjH +H,0 ^SO,II 

so,ir 

Pyrogallol, pyrogallic acid, C,Hj(()H)3, is a trihydric phenol. U is 1 : 2:3 
trihydroxy benzene. Its alkaline ^lution readily absorbs oxygen and darkens in 
colour. Pyrogallol is a reducing agent and a photographic developer, 

Cresols, cresylic acids, hydroxy toluene, 0.11^(0113)011. — ^The three isomers. 

0-, m- and p- cresol — are found in coal tar. The creosote oil fraction of coal 

tar contains them. In mixture with oil or soap, the creosote oil is used in making 
disinfecting liquids, e.g., phtnyle, lysol. 
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* ALCOHOLS, ALDEHYDE AND ACIDS 

.jImjIuTI, < -Ii ;t ijju* aiiiiiialii' alcohol in vvhuJi llu; 

Oil f\uii|) I', III flic r-iiUi iliaiii (riiciiol OH- ^roiip in ilio lifii/Aiif 

nn* ifii'.j. It otTiir.s in jaMniiie oil, and in tniu .iiiil f»i’m Imlsain.'i; cither in I’reo 
^^.■|||‘ i>r .IS ;mi esier. • 

.ih'rthnl is (i))LaifiC‘ti l>y ; li) irdin iml; l>i‘ii/.il<U*liydL* wiili siMlinpi 
.iMMl',Mni and \vali*r. 

rjI CllO IhenzHldeliyde) f 211 

(!i) livdifilvM-s III’ ( lilorid;* by l)oihii;r a itli snilinin i ailum.il i- Miiutin'i. 

2(\ i \aJUl, i- 1J_<) CK.OU -} 2Na( ' i 

(iii) lujihiij:^" bifi/aldeliydo with strong; i.uisin- mda sulnfinti, wlaii 
■ill olt'W .lud ■.ndinni bi'n/datc .ire t'lnnii'd, 'I Iik iiMcnnn is « iiar.ii lei ■ -ti! .if .in 
,U‘>in,irif .ildehyile and i., kno«n .is Caniiizzarro*s reaction. 

‘irjrCHO k NaOH - (yi^Clf.OlI ^ CoOSa. 

• iie licn/.sl aleohol is oxti'ueted with olhei. 

Pruperiic.^. lieii/yl al(.nhol is a iuh>iiih‘''S. /fufmJ hi(iiid (b.fi 2U6 > \MLii .i 
^ ' ei*t. .injiiM. It is fM'el\ snlnble in .n-iitni! I'l 1 i'IkI'. bill ■jMI\ iii. d«“r.'t ' 
>><ilnl}lf‘ in w.il •! 

It. l:i .'1, iniuMiy ah nhnl .ind elo-ily it'einbli . nn’tnsl or I .ilioluil ir* 

eheiiiU'iil pro]»eith'‘ in re.iclidns vMlIi N'a, I*Ll,, andH nn tV.mnng i sU r.sj, dxulisini: 
at;L*nt , elr I )ilnli„ iiilne aeid oxidises it to !>» n/.^ldeil^ de and lin.div to ben/on 
•K'ld. 

2<’,l! ,(’11 .Oil b 2\,i ■ 2l ,.lf .(dl.ONa (sodiinn r,iM./\l. Ud \ W . 

d- I', li .t'll.Ol (benyxl I Id4;nde)‘-r -r lU'l 

t Ml Vim Ml t- Cll Ol'rl .* V. li cn OJ Vru ;l, n/^l .r-oi ,ie) IKM 

rjl lJ1 OW f- t) V.\l! ('IJO {beii/.ild. livde) f li O 

* ( . jl ( ilO -!- O < ..Ud ilOll (I • I. ■( ..11. 

Hc*n/«lklcliyclc, idl ol' hittm* almonds. ( I .^(’1 lO. 1 )oP/ iMiVmIo 
max in* mad ' (i) ill tin* laliuratory h\ hoiliu^ ln'ir/.\l i'h!>*iidt‘ ".ith 

nil tali' solution : bi'ii/.yl (.•blnndi* is h\diol\*>rd to Uon/yl 
ali'ofiol whicli in t.hi'ii oxidisnd to hnn/aldi'ltx di*. 

(\ii.(:if„(’i 'r-ir.ofr (’,ii ( ii.oii ; iic i. 

1 o (’ji riio Ml d). 

riu* pioiluM is distilled in stnam, and hcn/al(li*li \ do is iVmn 

lln* di^lillati* by other. 

(ii) by distilUrio a mixture of i-alcium benzoate and ealeiiim 
torfnale I \ H .^(XiOCtr 

V ir(V)()(bi' CJl.CMO ;-(\iC(). 

(iii) by partial oxidation of loluetn* liy means of cliromyl eltloiide, 

(’rOd’bj (Efard’s reaction). <\U .(MI., f 20 (\.II ,('H() 4Mr..o. 

(iv) (^"mmereially, by hydrolysis of ben/id ebloride by lieatinj; with 
rmlk of lime under pressure. 

(\Jl,(^nCl, HCa((^HV =-(\KriIO f (hiCK-flVO. 

or by partial oxidation of toluene with manrranese dioxide and 
snlpimrie aeid at 40°. 

It occurs in biltor abnniuls as niin/iftiotin whiih on hydroly.sis with the 
cn/ymo rmul^iov (also present in bitter ahnon.Is) or hot dilute acid.s uives 
heii/aldehyde, and hence the name oil of bitter almonds. 

+ 2 H ,0 = C.H^CIIO 4 - 2 (\H, A + HCX 
Amyf];daUn Olncosc 
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Properties. — (i) IHenzaldehyile is a colourless oily liquul (b.p. 
179’’ iiml s{). j^r. l-Oo at lo®) liaving the sweet aixana of hitter ulinoncls. 
Jt is '^lightly soluble in water, but is miscible with alcohol ami ether. 
It is volatile in steam. • 

(iil Jt resembles acetal^lehyile, CII.,(M10, in the lollowiiig 
respecs t : 

(a) Oil oxidatifui, cither hy o\i<lisiiig agents or by mere exposure to 
air, it givt's beu/.oic aciti. 

(b) on reduction with sodium amalgam, it gives benzyl alcohol. 

(c) it r(‘actH with P<’1,^, giving beii/al chbuide^ i'^ll^bllCU. 

(d) it forms cvanh\drin with llC'N’, and a bisulphite, addition 
product with Nall SO,. 

(i*) it reacts willi NlLOll, Xll.-NlI* and N 1 giving 

oxime, hydiazoiu' and plien\l hydrazone Tesp(‘(!tivoly. 

(f) It slowly rcduct's ammouiacal silver nitrate and Felding’s solu- 
tion, and uloivljf restoics tht» cobnir of Schiff’s reagent. 

Jbit b(‘ii/aldehydt‘ differs from aeidaldcliyde in tlu^ following 
r(‘s|)(‘(*t.s ; (ii on litviting with strong (*aiistic soda (or potash), bonzal- 
deh\de givi-s b(‘n/yl ahiolioJ and ben/oate (Canniz/arro^S reaction). 

•J(\.H,(MI()-i-Na()l[ - (Vll,FH.,()ri } t ,H,('(K)Na. 

(ii) with annrKUiur at cadinarv tt‘mj)eralur(‘, it gives hydro- 

benzam ide , ( ( I ,( ’ 11 ), N , : lU •, 1 1 ’ 11 0 + 2\ H , r [CJ r,( ’ J 1 ),N, i- 81 

(iii) on Juaiting witli potassium eyanido in a»pu‘oiis alcohol, it gives 
ben/ohi ; 2(\,Il ,(dI() — (bcn/nni). ' 

(iv) It <locs not |)olymerist» or undergo aldol coialensation (p, 8H) 

ill preseiu'c of ac'id or alkalis. . 

Uses. ■ is nsod ;is a HiMaiiin^ a';tnt ami in iriakiii^ •lyt.*», 

nial.it'tiiU' 

Benzoic acid, (\.l I., ( '()()!]. - It occurs in giim l)i*ii/oin (a natural 
resin) from wliii'li it may bt‘ obtained by sublimal i»»n. It is present 
in lioise’s urine (about 2‘Y, ) as hipimrir arid (ben/ovl givcine), 
FJI (.’(). Ml ( IIJ’OOII 

Preparation.--' lien zoic acid can be madi‘ : (i) by oxidation of an, 

aromatic (iom|)oiind having a side, eliain in iiie ben/.iuie nucleus, c.g, 
toluene, ( I ’ H.,, benzyl chloride, t '„l 1 '1 (*lc. Ovidatiou is faci- 

litnteil if the side idiain is substitiiti'd ; Unis. (’^U flij'l is monv 
readily oxidised tliaii toluene itself. 

Benzoif aiTd is in.'ulc in tlu» laboratory l>y uxidisiiig bfii/,\l . liloridr by lieat.> 
ing wall nil ’alkaline Mibition of fwitas^iuni prrinanuaiialt'. Man;;aiic^o dioxide i» 
piTcipitattMl during the |n-»M’fss and the bt-ii/ou* and foirnnd n‘inaitis in Koluiioii 
as benzDiiio, On passing .sidphiiroiis arid, inanganesc dioxide dissolves and benzoie 
arid jim ijiitatrs. 4KAInOj +- 211^0 ■ 4K01I + 4.\Iii(), (prrr ipii alfd) +• 6,0 

3C,ir,CH,(d 4- 6, o - 30,11, COOif -f- 3H(;i. 

(ii) by hydrolysis of phenyl cyanide by boiling with strong sul- 
phuric acid: C,H,CN-f- 2 rr 20 ^r i\l{.yi)OU+mi, 

Benzoic acid is made corrimercially • (a) by hydrolysis of be.nzoUichlo- 
lide by heating with milk of lime ; benzoic acid precipitates on acidi- 
fication with hydrochloric acid. 

2CJI,CCl3 + 4Ca(0H)3 = (i\lLyi)0),CR \ 8CaCl,f4ir,0 

II— 7 
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f(J,H,<JO()),Cjn 2H(!1 - 2(:,H,CX)OH+(3aCl, 

(1>) l)y passiiifj tlio vaj)oor of phl.halic acid with excess of ste^m 
over Jieated z^c oxide (catalyst) at 450®, when CO^ is eliminated. 

/ ^COOll (Phthalic acir1>— >/ ^(X)()1I + (’O^ 

('’()( )H 

l*htlialic at^id is made, frcaii najilOhaleiie, 

Properties, (i) lien/oic acid forms colourless needles (in.p. 122^') - 
which suhlime on Inviting — thi^ vap()ur having irritating action on 
throat, causing cougliing and sncje/ing. It is volatile in steam, ft is 
sparingly sf)luble in cold water, hut readily dissolves in hot water, 
alctdiol tuid ether. 

(ii) Mi*n/oi(* acid clnselv resembles acetic* acid in properties which 
are deterrniiied hy— - (.’OOIl group, and gives corresponding derivatives, 
prepared in a similar way, namely: 

Sodium hcn/oal(\ (\,ll ,('()()Na l*'t]iNl ben/oalt', 

Ih'Mzoly chloride, (\J1 rot'l Benzoic anli\dride, 

Phenyl cyanide* (-jll.CN lienzarnide, (.'^HX’ONlIj 

'riu'se compounds possess the general chaiacter of the correspond- » 
itig alipfiatic i;ompound. * • ^ 

Tests, ”^ti) noulijil s<jlutiop of a benzoale givt*s a ImPf-c olourod pmipitate 
willi foriu* riiloriib' .solutioTi. , 

\ (ii) A solution of bonzoato on acidification with cold sulphuric acid, gives a 
whitu precipitate of Ihmizoh- acid. , 

(iii) When boated with soda liiiic, benzoic acid or a benzoate yields benzene : ^ 

‘ CJI,C0011 -- t\H„ + CO,. 

Benzoyl chloride, is a colourless fuming liquid (h.p. 

107®) of most irritating odour. It is made bv the action of POI^ on 
"benzoic acul ; i Pd., CV.n,,(’<)Ch POri, -r llCI 

It is ijseil in bouojfluti^ni of hydroxy or amino compounds — the 
bon/ovl radical. (^,11, CO — , replact»s a hydrogen atom of the hydroxyl 
or the iimino group, giving benzoyl derivatives. This is known as 
i^rhofhrn-liaunnnin rrartioH 

nenzuylation i.s d»>iie by sliaUing the compound with benzoyl chloride in 
presence tif dilute tlO per cent) <‘aiistic smla solution, and then pouring in water, 
when the benzoyl dtri\alive>, .''ejKiratc. 'Pbe bcnzciyl derivatives are usually 
Aolids whiclulielp in the idontilication of the hydroxv or the amiiTO compound. 

On beii/.oylatinii, plu'iiol aives phenyl benzoate. (’_T1 .COOCgll^, m.p. 71* and 
'online gives benzanWide. ’I'-P- 163°. 

C,H OOCl + HOO„ir. - (\H.(’00(\H, j- HCl 

.y 0\H.C()(^l f- Nir,.C.,H, - (\H,tX).NKr,H. + H( 1. 

1/^S^cylic acid, o-liydr<^x\ henzoic acid, OfH^(OH)COOH. — It 
occurs naturally in blossoms of meadow ftweet and as methyl salicylate 
in oil of w’inter green. It was first isolated from f<aUci}i (found in ^ 
willow baik) and hence the* name salicylic acid. 

It is made synthetically from phenol by Kolbe’s reaction. Dry 
pheiiate is heated to ]80® with carboiulioxide in an autoclave 
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under a pressure of 1-5 atmospheres for some hours, when sodium 
salicylate is iorined. Tlie product is dissolved in water luid salicylic 
acid is precipitated from tlie solution by acidilication with hydrdbhloric 
acid. 


f ^ -(h\a ^Oll 

I^J ^ --C;{)ONa 

Sodium plH*nate Sodiuni salicylate 

Properties. — (i) Salicylic acid forms colourli‘ss needles (in.p. 
155°), sparingly soluble in cold water, but readily in hot water, alctdiol 
and ether. Its vapour has iiritating effect on throat. 

(ii) It is a j)henoii(* acid and gives the properties (^f hydroxyl and 
carboxyl groups liiil\(‘d to the nucleus. it giv(*s jeactiems of both 

phenol. and hen/oie acid, (\J1.C()011. 


(iii) WIk'ii lieah'd with zinc dust, it gives benzoic acuJ, but on 
heating with soda lime it gives plienol. 

(^,.11,(01 l)( f)()Jl f Zn - 1 ZnO 

C\ll’(()ll)(‘()()ll-HXa()H --.(\.lLOII 1- NallCO, 

(iv) It dissolves in sodium carbonate solution, forming sodium 
salicvlate — sodbun carbftnaie has no action upon phenolic — (>11 group 


2(;,H,(()I1)C()()U i-Na.,(’()3 2(\,lI,(0il)(X)()NaillJ() + (H)j. 

(3n acidification, salicvlic acid ])recipib#ites again, 

(v) Methyl salicylate, also oalh'd oil of wiDtergreeil, 
Cftli j(011 )C()0( 'Ifj, is fonned by warming salicylic acid and methyl, 
alcoliol in presence of strong sulphuric aci<i. 


^ cooir hJiocn,— > / ('()()c'ir3f ii„o 

on (Jll 

(vi) Aqueous solution of salicylic acid gives a violet colour with 
ferric chloritle solution. 

(vii) Aspirin or acetyl salicylic acid, 0^11 is 

made by acetyfatiiig salicylic acid W'Uh acetyl chloride or acetic 
anhydride. It melts at 135" and is sparingly soluble in wqter. 

COOH+OiLCOCl— > / \-(’()0H-i HCl 

\ / •* \ / 

I I • 

Oil oco(:if3 

Uses of salicylic acid. — »Salicylic aci<l i.s a strong aaiiseplio and is used as a 
disinfeetant. Salicylic acid and sodium salicylaU are anti pyretic (i.e., a drug used 
to reduce temperature in fever), Salol (phenyl salicylalo) is an anliBepiic and 
is used in tooth paste. Methyl ralicylato is used in tooth paste and in fluvouring 
confect ionaiy. The use of a.spiriii for the lelief of neuralgic pain and headache 
is well-known. 

Salicylaldehyde, o - C3Tt^.{()Il).CH0, is ortho-hydroxy l)enzal- 
dehyde. It occurs in the oils of meadow sweet and other species of 
Spiraea. It is formed together with its p-isomer, by ReimeiP^s re- 
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action h^aliu^ with cliloroiorm and alcoholic potash, and 

s<'panit(‘(l by si(*ar»i distillation — tlic p-isomt*v is not. readily steam 
volatile. 

KOH KOH 

n().c,K,.n 4- (n.cHci, ^ hc*j, 

Ho.cjldOil), ^ H().r,ir..ril() 4- H.o 

It js a volt) inlets, pleasant-sniellin;' liquit!, h.p. 196", :iinl if: moderately 
soluble in water. It mve.s a violet. «-olour with tcinc rliluride and is readily 
oxidised lr» .s.iliryclu; acid.* 


XX[ 

"FOOD AND NUTRITION 

Food and diet. — Food is roquinui for the f:;rov\ tb tnid Tnaiiitenaiico 
of liuriian body. Mroadly speakiii", food is what uo eat to live. Its 
main furadions aia* : (i) to supply beat and (‘rier^\ , (ii) to build and 
r(*pair tin* tissues of the body, and (ii) to regulate th(‘ internal pro- 
(•('sses of the body s(^ as to luaintaiii life. For the fulfilmtmt of the 
.-vbove functions food must snp])l\ ; (a) fnts, (b) /•.'o/r/as, (c.) carbo- 
hijtlra !('.<, (d) r/7<iana« and (e) mnirrul mitx. l»esi(U‘s, water and 
oxyfrvii ai‘(* essential io all liviniv processes. * 

'Die hrst main function of food is to jmfvide fuel for producing 
eniM-^^y in tie' human bods. In this ri*spect lli(‘ body may be compared 
to an I'n^in'e. As an enj^iiu* cannot move without fu(‘l, so also a human 
body nec'ds fiii'l or iM\erp:\ to ilo w'ork. Ilut our fuel is not coal or 
petrol but fats and carboliydrates. 15\ sbivv o.xidation inside the body 
ilu'si' fuels siifiply (‘neri .,0 wbicli maki's both bndil\ movement and 
menial work possible. 

Fats. " I' at s also callt'd lipids, can bo found in botli animal and 
ve^('table loodsMiffs. Veocdable tats include cocoanut oil, mustard oil, 
groundnut oil, and olivi* oil. .\nimal fats include butter, ^^bee, fish oils 
and mutton fat. Fereals, e u,, rice and wheat, contain a small amount 
of fat. Fat is a more coiieentrated form of I'liiM'irv than earboliydrates 
and firoli'ins, and yields more eaIori<'s. woi<;lit lor w(‘i;;hl. Fats are 
oxidised to furnish ent'ij^y and partK simed as body fat which acts as a 
reserve, 'rin* lesorvi* is (*alled upon dmiiiij; fast or stai valion. 

F.-its ari*,oinuUiric(l in lli»' hloiiuuh aiul split up iiilo fatty aiuls and glycerine, 
during digestion, largely by llio aitioii of the eu/\mc from, the pancreas. 

Oils arc uioi» easily digCvSiiblo tliaii fats. ^ , 

Carbohydrates. "-t7irbohydrat(‘s are of two kinds: starch and 
su^ou's. Starch is obtained mainly from rice and other cereals such as 
wheat, mai/e, barley, and millets, and also from sago, tapioca and 
potatoes, etc. Starch is abunilant and is a cheap source of energy. 
Sugar is obtained from sugar cane, honey and fruits. The carbohy- 
drates enter into th(‘ process of nutriticni as glucose, formed by their 
hydrolysis by enzymes. 'Die glucose finds its way into the bloocl where 
it ig oxidised to (X), and water, yielding energy. 

'rhe oxidation of glucose is helped by which is secreted by the 

pcunci'cas into the blood. This secretion is aeriously hampered in diabetes, and 
as Rwrh the glucose is not oxidised in diabetes for want of insulin. This 
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accounts fur the abnormal incrra'je of eliuo&o in ihe blooil and nriro of diabetic 
patients. The di{;cstioii of starch licgins in the mouth during mast i<'at ion, 
where the enzyme ptyalin of saliva hydiolyses some* of the starch into maltoso in 
slightly alkaiim medium, and the piocess contiimes in the .stomach. Further 
hydroly.sis into {glucose i.s illedcd by i^auvnutii- aiJiyfuftv ;t!id*olhtr enzymes of 
tho fiancreatic juice. C’c-oked starcli is more readily digesteil, aJtlioi^h raw 
starch can he tli|jfCslod. (Jlycogeu, sometimes culled ‘animal sitiivir, (C- Ji ,o(>,,)n, 
is a reserve fond iii nur liver whifh is iva<hly «ou verted inli» ylm o^e when ot ciisuiii 
arises. 

Tim carbohydrates serse a'^ fuel, lull if the did is pai lioul.iily ricli in 
carbohydrate, in excess of tho needs of the body, tlie surplus tnitisfoimed into 
fat. Cellulose i.s not dij^ested in the human Imdy, j^iid hence it has no food 
value, but It ^ives bulk Iti the food residues c.iid lhen‘by a-sists tlnir passage 
along the liigestive trait. 

Proteins. — Tin* >ji(*')iKl funftiou ol food is to supply jnnlorials fov 
•huildiiig ti[) atni ropair of tissues id* tlie body. TJie most importanl 
building jiiJiterials are proteins. They are essential const itnents of ail 
living cells and iUvrv can be no life leilhont jintteiiin. Plants syntlu'sise 
their ])ioti‘iris, but we get our proti‘ins eitlu'r from [dants or animals. It 
is out of the proteins that llesb, miisele, and various jiarts of oiir body, 
such as brain, liver, kulni*y and Iwart. an* imuli'. 

Jmod.s ricli in animal protidns are lish, intuit, cbei‘s<‘, egg, and 
milk. All animal pioteins cannot serve in imlrition; t*gg albumin, for 
exampb', is ti prot<‘in iood but gelatin is not. Proteins are fonml in 
vegetable |)r(>ducts like pulsi's and nuts and also to a smtdl (‘xtimt 

in cereals. . 

• 

During •ligcstioii in Die stomach Du* cnzwiu’ of Du' gastric juice 

.splits np j)H)tcins into .simpler form.*i, wlin h arc hmiliy dcgiiidc,*! iiflo amino acids 
(p. 55) by the ;u'lioii of en/ymes lu tho intestine. 'I’iie ammo at ills pass mlo Iho 
circulating hhuxl. 'Plm hotly .syuthtsihc.s its own Ds.sue proteins out of Iheso 
aminoacnls. 1‘rotoius can also .serve as fitel. 'bhey supfily about Du; snino 
<*;ilt)ries as cnrhuhytlratc.s. weight for weight, hut tho protein is a costlier fuel. 

ViCamins. — Our luadtli and growth largely depi nds upon tlie pre-* 
seiiee in foodstuffs of amall amounts of specilie organic substances, 
ealleil inlanniin- -IV name given to them from ‘vita’ which uK^ans life, 
since tluy are necessary for life. Vitamins an* (ircesfiorif food ,sab/f- 
fanres without which in small amounts a body sickens and dii's, even if 
provided w itli fats, juoteins, earboliydrati‘s anti mineral salts, sinct^ 
ftMjd is n(»t projierly absorbed in absence of vitamins. Vitamin deli- 
eiency. therefore, causes various disordt'rs and distatsi^s in our system. 
Vitamins are firesent in frenk foods of various kinds. At huisi six . 
vitamins are well knowui, though many* rnort* liave been reported. 

Vitamin A. --It promotes growth. Jts didiciency leijds to night 
blindness ^afid an eye disease, called xerophthalmia. Certain fats and 
oils, sucdi’as cod-liver oil, halibut-liver oil and butler, are Vich in vita- 
min A, but it is not present in Jard, olive oil or nyirgarine. 

Vitamin a.s .such is not ]jrc*seiit in vegetable foods. They cuiitaia a subs- 
'tance called enrotene or yrovihiinin /t. Man produces vitamin A from carotune. 
Henco foodstuffs which contain carotene aro clas.sed as rich in vitamin A. 

Green leafy vegetables, carrots and tomatoes are rich in vitamin A. 
Both land and marine plants contain carotene. The source of vitamin A 
in milk and milk products is the green pastures of the, cattle. Fish liver 
is rich in vitamin A — the source may be traced to tho marine plants. 
Vitamin A is fat soluble and is fairly resistant to heat. 
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Vitamin B. — It is not a single substance but consists of several B 
vitamins, e.g., B,, B^, and is commonly known as B-complex. 

Vitamin H,, sometimes referred to as vitamin B, regulates the use of 
carbohydrates inrthe body. Its deficiency causes beri-beri. It is abim- 
dent ii/all whole cereals like rice and wheat, in many vegetables and in 
\east, but it is absent from ivhite flour syid polished rice and hence 
the incidence of beri-beri amongst people fed on polished rice. Vitamin 
A and vitamin B are not easily destroyed by cooking. 

Vitamin C, — It is found in fresh fruits, vegetables and sprouted 
pulses, and especially id lemon, orange, tomato and amla. Ft tends to 
be destroyed on cooking or storing food. Vitamin 0 or ascorbic acid is 
chemically related to the sugars. Fts deficiency leads to scurvy. Sailors 
on long voyages fire particularly susceptible to scurvy for want of- 
fre.sh fruits and vegetables. A liberal supply of lemon juice prevents 
its occurrence. 

Vitamin D. — Ft promotes growth and works primarily on our bones. 
Its deficiency causes rickef,^ in children and oslromalacia (which means 
\softening of the bones’) in adults, chiefly w’ornen. Cod-liver oil find 
other fish oils are rich sources of vitfunin L). Itickeis and osli'omalacifi 
can be cured by ^taking cod or shark liver oil. It is also present in 
milk and milk products juid in vegetables. Vihimin D is not efisily 
destroy(\l by exposure to air or by cooking. Aedion of ultra violet rays 
of the sun on our skin produces this vitamin iii*our system. 

Vitamia E-s — Tlaa vitamin prevents sterility of man and animals. It is 
present in leifves of plants, wheat ^erm oil, and milk. Lettuce and alfaalfa are 
specially rich in it. It is stable to heat but is readily oxidised. 

Vitamin K.- It is present in fjiieeii plants, specially in alfaalfa. It stops 
haemoiThago and causes clotting of blood. Animals deficient in this vitamin arc 
ui danger of bleeding to death when injured. 

Mineral salts. --- Ihe luijioral salts act partly, jihmg vvitli proteins, 
as building materials for the hn-mation of bones and teeth, and paitly 
as regulating fjictors like vitamins — they reguhite the functions of body 
fluids such jts blood find digestive juices. About 4 per cent of the 
human body weiglit consists of Ca, P, K. Na, S, Mg, 01, Fe, T, Si and 
F. Among the metallic elements calcium is the most plentiful (1-5 
per cent) in the body — our bones contain calcium phosphate and teeth 
calcium fluoride. Calcium salts are necessary for the maintenance of 
heart beats and for coagulation of blood. Milk and green leafy vege- 
tabl(\s are t}\e best sources of calcium as well as phosphorus. 

PluKsphorii^ is present in bones and muscles, ns well as in brajn.and nerve 
tissues. Iron is essential for the formation of red haemoglobin o*f the blood. 
Shortage of iron causey anaemia. Foods rich in inai are green vegetables, spinach, 
cabbage, and yolk of egg. Milk, which is otherwise a complete food, is poor in 
iron. Another important mineral requirement is iodine. Its deficiency causes, 
goitre. The common salt of our food supplies the hydrochloric acid of the gastric 
juice in our stomach, and also traces of sodium iodide. Sometimes .sodium iodide 
is added in small amounts to the city water supply or to the table salt to 
avoid the prevalence of goitre. 

How much to cat. — The quantity of food that a man takes daily 
varifw with such factors as age, sex, weight, work and climate. A large 
proportion of the food supplies energy by oxidation in the circulating 
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blood. The energy provided by food is measured in calories. In nutri- 
tional science one calorie is the he«at required to raise the temperaturq 
of 1 kilogram of water by one degree centigrade. Different foodstuffs 
have different values in terms of calories. The fuel values of protein 
and carbohydrate are approximately 4 ealoric^s per gram, while that of 
fat is 9 calories per gram. The energy requirement of an average man 
weighing about 150 lbs. and doing moderate muscular work is about 
o520 calorics a day. At a rough estimate a man in India rc<^uires on 
an average 2500 to 3500 calories a day, while ap Indian woman needs 
2100 to 28(K) calories a day, varying with the nature and amount of 
work. 

Heavy manual workers obviously need more : stone ma.son 4400 t-alorics, 
ivood oiiltcr 5000 calories. A brain worker is amply supplied by a diet of 2200 
to 2600 calories. Nursing mothers need more calories than that quoted for average 
woman. Growing clnldren require a.s much food as an adult manual worker. 

The weights of different foodstuffs necessary to supply tl)o required 
calori(»s is then calculated from their energy or fuel values. A 
satisfactory division of the elements of food in the daily diet giving 3000 
calories is: 1(K) gm. ])rotein, 1(K) gin. fat and 400 gm. earboliydrate, and 
a certain quantity of minerals and vitamins. A typical diet contains 
about one-sixth of fat, one-sixth of protein and two- thirds of carbo- 
hydrates. • 

A balanced diet — -^rhe different kinds of forxl taken together 
constitute a diet, and a satisfactory diet should : (i) contahi necessary 
amounts of each of the essential elements of food, namely, fat, protein, 
carbohydrate, mineral salts, and vitamins, (ii) supply adequate calories. 
A diet whi(di is so distributed is known* as a halauvcd dirt. The diet 
must also conform to dietetic liabits of the people concerned. Typical 


balanced diet suitable for India i 

s as follows : 


Food materials 

Ve^vtariirn 


Cereals (including wheat) 

20 oz. 

20 oz. 

V egetablcs 

12 

8 

Pulses 

3 „ 

3 „ 

Fruits 

2 „ 

2 

Milk 

8 

8 „ 

Fnts and oils 

2 „ 

1 

Sugar 

2 

2 

Meat, fish & eggs 


4 „ 

• 

49 

*48 „ 

5 per* cent, for wastage 

2.5 „ 

e.5 ,, 


Net 46.5 oz. • 

45.5 oz. 


• Blit the present Indian diet amounts only to between 20 and 30 oz. in the 
day, and that also revolves practically round cereals (about 16 oz.), e.g., rice, 
wheat and millets. The cereals are all rich in carbohydrates and hence their 
energy value is high. But they tilso contain a little fat, protein and mineral 
salts” Cereals are not very rich in iron and calcium but fairly rich in phosphorus. 
Bice is 76-80% starch and is a poor .source of vitamins and calcium. Proteins, 
vitamins, and minerals are lost in milled and polished rice, but they are retained 
in parboiled rice. Wheat (66-70% starch) has the largest protein content (about 
14) of all cereals, while rice has the lowest. Wheat also contains a little morq 



101 


A TKXT BOOK OF INTERMEDIATE CHEMISTRY 


<‘al('iiim and is richer in B vitamins than rice, and hence a better food. Pulses 
arc richer in proteins than coreal.s, and hence it is called ‘poor man’s meat . 
Sprouted pulse contain.s vitamin C. Fruits supply vitamins and mineral ralts. 
Citrus fruits (lembn.s and oranges) arc particularly rich in vitamin C. The nearest 
approach to a. complete food is milk. It contains fat, carbohydrate, high quality 
protein, mineral salt.s like calcium and phosphorus, and A, B, C and D vitamins. 
Fisli IS an important food; it is a good store of* proteins, vitamins A and I), and 
p]ios]du)nis. Mutton and otlicr forms of meat are rich in proteins. Next to milk, 
eggs are all-round food. Kggs contain more of vitamin A and iron than milk. 
8o, we know what there is to eat. 


XXTI 

ORGANIC MANIPULATION 

Purification of organic compounds. — first step in ilic invesii- 
p;afcion of an organic substance is to obtain it in a pure state'. Whether 
the organic compound is isolated from a natural source or prepared in 
thi! laboratory, the initial ])roduct is seldom pure and is usually a 
mixture and hence its purification involves its si^paration from other 
substances, (Common methods of purification are : (i) crijHiallhatiou , 
(ii) sublimation distillation^ and (iv) extradion with a solvent. 

Crystallisation from a suitable solvent is. very effective foi- tlie 
purification of organic solids. A suitable solvent (or a^ mixture of 
solvents) is chosen, and the crude substance *is then dissolved in the 
minimum (fiaijtity of the hot solvent — heating being done on water 
hath, in ebse of infiammabh) solvents, and using a reflux condenser 
(p. t52). When the hoi solution is clear and contains no insoluble 
impurities, it is talceii in a baftin and allowed to cool in cold water or 
ice, when crystals separate. Hut if the hot solution contains insoluble 



Fig. 8 



Fig. 9. 


impurities, it is filtered before cooling — the filtration is done through a 
hot water or steam-jacketed funnel (p. 42, part I) in order to prevent 
cryrtullisation in tlie funnel. A fluted filter paper and a funnel with 
its steam cut off are also used for the filtration of a hot solution. The 
filtrate is left for crystallisation in a porcelain basin. After the 
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crystallisation is complete, the crystals are filtered with the aid of a 
suction filter (fig. 13, part I and fig. 9). 

A Buchner funnel (fig. 8) of correct size to contain tlic^ crystals is lightly 
fitted into the neck of a Buchner filferhuj flask (lig. 9) through a niht^ir cork, 
and a filter paper of right size (just to cover the holes of the perforated plate of 
the funnel) is placed in positiop. The side arm of the flask is couuectcd to a 
water pump by a length of pressure rubber tubing 'fo start filtration, tho filter 
paper is moistened with the solvent, suction is applied, and the crystals are 
quickly transferred into the funnel — any residual crystals in the basin arc washed 
into tho funnel by means of a Jittlo fresh solvent. After most of the mother liquor 
is drained off, the crystals are washed once or twiciv vmIIi niiuitiiuin amount of 
raid solvent under gentle suction in order to remove the adlicring mother liquor. 
The cry.slals arc then pressed with a spatula or glass stopper. VVIien no more 
liquid fillers, the pump is disconnected, and the crystals are taken in a sheet of 
• filter paper or a watch glass. 

To filter small quantities of solids, a small funnel with n 
loose, iwrjomted itorcuuin disc is preferred — a piece of filter paper 
is cut to size and placed in the disc so as to lap up the sides a 
short distance. Tho funnel is tightly fitted through a rubber cork 
to a stout and wide teat tube having a side arm (fig. 10) whicli 
is connected to the water pump. 

If the suhslance under investigation is a mixture of solids 
and if they all dissolve in the hot solvent — the least soluble of the 
solids would first deposit as crystals on cooling, and the m^>lhcr 
liquor will give a secqud crop of crystals containing a larger 
proportion of the more soluble constituent, fiy repetition of thi.s 
process of fractional crystallisation, the constiluent.s of the mixture 
may be scparaic*d more or less in a pure form. 

Treatment with animal charcoal a <ommon method to parify ^ind decolorise 
organic substances which are contaminated, with colourcMl or resinous impurities. 
Crude acetanilide, for example, is purified by boiling its aqueous solution for 
some time with animal charcoal (about 5% tho weight of tho substance), and 
then filtering hot — tho filtrate deposits colourless crystals of acctanili«le on cooling. 

The drying of the crystals is the final .step in the process. The crystals are 
-fiftcn dried by placing them in folds of filter jiaper, and then by standing in air, 
Drying may also he done by placing tho ciyslals on a watch glass in a desiccator 
(or better a vacuum desici-alor) (fig. 30, part J) containing substances like granular 
calcium chloride or roncentral<)d HnSO, which would absorb the vapours of 
tho solvent used for crystallisation or washing. The crvvstals of relatively high 
melting point may be dried in a sU’am oven. Hygroscopic solids must be dried 
ill a desiccator. 

A small sample of the crystals may be dried by pressing with a spatula on to 
a porous plate, and its purity jiscertaincd by determining the melting pdint. 

Choice of a suitable solvent is a> matter of utmost importance 
in crystallisation. A suitable solvent dissolves much movq of the solid 
token hot than when cold, so that the hot saturated solution deposits 
a portion of the solid as crystals on cooling. The right solvent is 
found out by trial. A little of the crude solid (0-05-r^*l gm) is treated 
with 0*5 — 1 c.c. of some solvent ; if the solid dissolves in the cold or 
remains insoluble even on heating, the particular solvent is regarded 
as unsuitable. If, however, tho solid dissolves in a maximum of 3 — 4 
c.c. of the boiling solvent, but crystallises out readily on cooling, the 
solvent under trial is chosen, and if not, another is tried. 

Water is a very common solvent. Other solvents usually employed are : 
<i) ethyl alcohol, b,p. 78®C, (ii) ether, b,p, 35®C. (iii) acetone., h,p, 66®, (iv) 
benzene, b.p, 80®C, {v) ylacml acetic acid, b.p. 119^ C, (vi) chloroform, b.p. 61*C, 
(vii) carbon tetrachloride, h,p, 78®, (viii) ethyl acetate, b.p, 77®C, and (ix) 
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petrohuvi eihtr, available in different fractions havintj boiling points ranging 
from 40“ to 120“ C. 

If a solid happens to be almost insoluble in one solvent, but too much 
soluble in another^ then a mixture of two such solvents, called mixed solveots, 
e.g., (i^ henzP,nR and chloroform^ (ii) benzene and petrolcvm ether ^ etc., may 
often prove useful as a solvent. 

Sublimation. — Occasionally an organic solid is purified by sublimation — 
volatile solids, e.g., camphor, naphthalene, benzoic acid, sublime, while the 
non*volatilo impurities are left behind. There are various ways of carrying out 
Kublimation. In one method the crude solid, e.g., camphor, is taken in a 
porcelain basin and covered with a sheet of filter paper having some perforations 
on it — the filter paper is Ifcld in position by a funnel. The basin is heated on 
a sand -tray by a small flame, when the camphor subilmes and deposits as 
colourless crystals on the filter paper and any non-volatile impurity remains in 
the basin. 

Distillation, — Distillation is a common method of purification of 
organic liquids which boil without decomposition. Volatile liquids can 
bo separati'd from non-volatilo impurities by distillation. 

The liquid is placed in a distilling flask fitted with a condenser and 
receiver (fig. 10, part I) — the neck of the flask is closed with a cork 
through which a thermometer passes in such a way that its bulb is just 
below the opening of the side-tube. A few pieces of porous tile aro 
placed in the liquid to prevent bumping. Tlie flask is then carefully 
heated on a wire guaze, walei^ bath, sand hath of metal bath (depend- 
ing on tlie liquid to he distilled). • 

Tn case of high boiling liquids or when a small amount of a 
liquid is to^He distilled, the flask may be directly heated with a free 
flame (using, however, a rotary motion (t tin* flame). 

The mercury column in the tliermometer rises quickly as soon as 
the Ji(|uid begins to boil and then remains practically stationary until 
almost the entire liquid is distilled. Towards the end of distillation, 
the temperature may show a rise due to supper-h(*ating, when the 
distillation is stopped. Wlien a single liquid (which may contain non- 
volatile impurities) is treated, the temperature does not fluctuate dur- 
ing distillation. 

In case of licpiids which boil above 130°0 or so, the condenser is 
omitted and a long glass tube is used as an air condenser. 

Fractional distillation. — ^\Vhen no constant boiling point is observ- 
‘ed (luring distillati(m, it is an indicnition that the liquid is not a 
single substance but a mixture.’ 

Tt is ofthn possibles to separate two litpiids by a single distillation, 
pn.>vide(l that their boiling points are wi(ie apart and differ* by 40°C 
or more, e.g., benzene, b.p. 80®, and nitrobenzene, b.p. 200®. When 
distilled the more volatile liquid first passes over, the temperature then 
quickly rises and the higher boiling liquid distils — the distillates are* 
collected in separate fractions. A second distillation is often necessary 
to obtain the liquids in a pure state. 

When, however, the boiling points of the li(|uids lie close together, 
a single distillation causes a very incomplete separation. In such 
cases the liquids are separated by fractional 'distillation using a frac- 
tionating column (fig. 21, part I). 
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The liquid mixture benzene (b.p. 80®) and toluene 
(b.p. 110®), for example, is distilled in around flask 
fitted with a fractioning column (which is inserted 
between the flask and the condenser) (fig. 11). 

The vapour from the boiling liquids is richer in 
the more volatile component. As the current of 
vapour passes up the column, the vapour of the higher 
boiling liquid is more readily 'condensed, so that 
the vapour above the condensed liquid becomes still 
richer in (he more volatile component. The con- 
densed liquid runs down the column and in its return 
flow washes the rising current of vapour. The vapour 
leaving the column at the top is richer in the more 
volatile component — it passes off by the condenser 
and is collected as a distillate in the receiver. The 
pistillate is richer in the more volatile benzene than 
the original liquid. The liquid remaining in the flask 
is richer in the less volatile component toluene. Only 
partial separation is effected by this means. The 
fractions are rc-distilled, when the distillate become 
still richer in benzene, and the residual liquid in the 
flask in toluene. Fractionation is repeated until 
fractions of constant boiling points are obtained. 

Theso fractions are taken as pure liquids. 

Sometimes complete separation is not possible, as 
many liquids form conttfant boiling mixture, e.g., 
alcohol and water (p. 27)^ 

Distillation under reduqgd pressure. — If a liquid, e.g., glycerine, decomposes 
near its boiling pwnt when distilled at atmospheric pressure, it may be distilled 
under reduced pressure which natur.ally lowers the boiling jxiint. (p* 50, part 1) — 
the lowering depends upon the extent of vacuum created inside ifie di'^tilliug flask. 
Distillation and fractional distillation are, fjhcreforo, carried out under reduced 
pressure in the ease of liquids which are likely to decompose near their boiling 
points at atmospheric pressure. Distillation under reduced pressure is also called 
▼acuum distillation or distillation in vacuo. 

The distillation is usually carried out in a two necked Claisen flank (fig. 22, 
part I) whoso side-tube is connected, via a condenser, with a pump and pressure 
gauze. The thermometer is inserted into one neck of the flask and through the 
other passes a tube drawn out to a fine capillary, reaching nearly to the bottom 
of the flask. When the pump is started, air biibldes are drawn thonigh the liquid, 
which prevents bumping and helps regular boiling. The condenser is attached to 
2 (or more) receivers (to collect different fractions) through an adapter. 

The liquid to be distilled is placed in the flask and the pump is starte<] — 
air hubbies arc drawn through the capillary. As soon as the pressure becomes 
fiufflcicntly low (as the pressure gauze indicates), the distillation is started by 
cautiously heating the flask with a constantly moving, almost luminous flame. 
By rotating the adapter the different fractions are made to fall iq one or the 
other receiver •without breaking the vacuum during distillation. 

The dist*il>ation unit may bo attached to a water pump, when high vacuum 
is not required. Vacuum distillation can also be carried out in ordinary distilling 
flask (fig. 216). 

‘ Organic liquids must be carefully dried before distillation. — 

This is generally done by adding solid dehydrating agents, e.g., the 
anhydrous salts like CaClj, K,jCi 03 , MgSO^, and NagSO^, or solid caustic 
potash, in the liquid and corking the container, and then allowing the 
liquid to stand several hours in contact with the drying agent until 
the liquid is clear. The liquid is then filtered and the filtrate ready 
for distillation. 
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Steam distillation. — The method of steam distillation is often used in the 
isolation and purihration of organic compounds — both solid and liquid. The 
method has been discussed with refcrenco to the distillation of aniline (p. 89) in 
a current of steam. 

£ktractioii with solvents. — Many organic ccanpouiids can be 
isolated from their aqueous solutions (or syspt'nsions) by extraction with 
ail organic solvent in which they are much more soluble than in water, 
hither, benzene, ])c;trol and chloroform, etc., are often used for extrac- 
tions, as their solubility in water is very low and therefore form separate 
layers. Ether is a ctxnmon solvent as it is inert and can be readily 
leinoved at relatively low temperature, b.p. of ether being only 35®C. 

The aqueous mixture, c.g., phenol in water, is taken in a separating funnel 
and a small quantity of ether added “-the funnel is then gently shaken, and then 
allowed to rest. Ether and water separate in two layers— the phenol dissolves 
in other which floats on the top of the aqueous layer. The aqueous layer is first 
run off find then the ether extract. Successive exi ructions are made with the 
solvent. The oxiracls are wet. The combined extracts are dried with anhydrous 
OaCJla until clear, and then filtered. Tho solvent is carefully distilled off on a 
water bath — the phenol remains as a liquid residue. 

In exinictioii with ether or benzene, the orgiinic solvent, being 
lighter than water, floats on the a(iueous layer, but chloroform, being 
heavier than water, sinks below the aqueous layer, ("affcinc may be 
extracted with c^liloroform from acpieous tea licpior. 

Successive extractions with small amount of a solvent are more effective than 
a single extraction with the same total amount of t-Kc solvent.^ If in a mixture 
of two liquids, e.g., alcohol and benzene, one is .soluble in water and the other is 
not, it is possible) to separate the insoluble liquid. The liquid pair, c.g., alcohol 
and benzene, is shaken with water in a sei)arating funnel and allowed to rest^ — 
benzene, being insoluble and lighter than water, separates and floats on the aqueous 
layer of alcohol. 'Che aqueous layer is run off and separated from benzene. 

Tests of purity. — A pui-o solid generally looks homogeneous when 
examined under a microscope, and if crystalline, the crystals all appear 
alike. But the best test for the purity of an organic solid is its ftharf 
melting point. A pure solid melts sharply at a correct temperature 
within a range of about 1 ® . Melting point, therefore, is an index of the 
purity of a solid and is used for uhntificaiioti of unknown solids. 

Most organic solids melt below 300° and at a definite temperature, 
but there arc some which melt with decomposition. Impurities nearly 
always lower the m.p. of a solid, and also makes it indefinite. 
It is also essential that the solid must be dry, as a trace of moisture 
may greatly lower the melting point. 

Determination of melting point. — A clean and dry soft glass test 
tube is heated in a Bunsen flame until it is soft, when it is drawn into 
a thin- walled capillary tube. The capillary is cut into a short length 
(6 — 8 cm.) and sealed at one end by holding over a flame. 

A little of a carefully dried solid is placed on a clean porous plate 
and finely powdered by pressing and rubbing with the end of a spatula. 
The open end of the capillary is then gently stabbed several times on 
to the powdery solid, and each time thf. closed end of the capillary is 
tapped on the plate until a tightly packed layer of the solid (2 — 3 mm.) 
is formed at the bottom. 

The melting point bath (fig. 12) is generally^ a boiling tube or a 
small beaker (50 c.c, capacity) con’'jaining concentrated sulphuric acid — 
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a crystal of nitre is added to oxidise any charred matter 
and also to prevent the liquid from being discoloured. 

The sulphuric acid bath may be used up to about 2bO°C, 
but there is a risk of serious injury if the bath breaks. 

For temperatures up to liquid paraffin or glycerol 

is a suitable and safe liquid to use. 

The thermometer (reading up to 360°C) is removed 
from the melting point bath and the capillary (with the 
packed solid in it) is lightly pressed against the moistened 
(with the liquid of the bath) end of the thermometer so 
that the enclosed solid is opposite the middle of the bulb 
-^the tube adheres to the bulb by capillary action. The 
thermometer (with the capillary) is then suspended in 
the melting point bath w'ith its bulb a few mm. below the 
surface of the liquid. The bath is heated gently and 
steadily with a small Hame, and the temperature at 
which the solid melts, i.e., becomes a transparent liquid, 
is noted. 

Exercise. — Find the melting point of njiplithalene (in.p. and benzoic 

adil (rn. p. 121 ®C). 

Identification by mixed melting point. — T£ an unknown solid X, by reason 
of its m.p., is suspected to Im* a particular siibsiamo A, tb.en about ecpial amounts 
of X and A artS intimately mixed together, and the m.p. of • the mixture 
is determined. • ' 

Tf X and A arc identical, the mixture would have the same in.p.‘a.s A. But 
if X and A are not the. same, the m.p. of flio mixture would be less than that 
of either and also indefinite. The method of*mi\ed melting point is helpful in 
identifying unknown solids. 

Determination of boiling point. — A pure liquid, which boils with- 
out decomposition, has a constant and dctiiiitc boiling poijit at a given 
pressure. The b.p. affords a valuable means of identifying an organic 
liquid. 

A oonstjint boiling point is not ncecssa.nly a test of the puiil.y of a liquid, 
as it may be due to a constaut boiling mixture (}). 27. part I.). 

A boiling tube (or a small .distilling flask; is fitted for distillation 
(fig. 18), and a few c.c. of the liquid is pla(?ed in it. Two or tbree 

pieees of porous title are 
added to the liquid in 
order avoid bumping. A 
thermometer is then in- 
serted so that the bulb is 
well above tlie liquid and 
docs not dip in it. The 
liquid is gently heated by 
means of a small flame 
until it boils and distils 
at the rate of 1—2 drops 
a second. The stem of the 
thermometer is complete- 
ly immersed in the va- 
pour during distillation. 




Fig. 12 


Fig. 13 
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The mercury column rises rapidily in the thermometer as soon as 
the liquid boils and then remains practically stationary until nearly 
the emtire liquid is distilled. The constant temperature is noted and 
is the boiling point. 
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Qualitative analysis* — After an organic compound has been pre- 
pared in a pure state, the next step is to detect its constituent 
elements. 

Detection of carbon and hydrogen. — Carbon and hydrogen are 
detected l)y oxidising an organic substance with copper oxide, when 
carbon dioxide and water are formed. 



The (il l/ liuhstancc (0’5 Kin.), e.g., cane sugar, 
is mixed with 20 — 25 lirnCvS its weight of dry and 
tine copper ox'ide in a mortar, and the mixture Ls 
then placed in a liard glass test tube. The tube 
is fitted with a cork and a delivery tube which 
(Ups into lime water (hg. 14). On strongly heat- 
ing the mixture, any cs^bon present is oxidised to 
which bubbles into lime water and turns it 
milky, and any hy(ln^)gi'n present is oxidised to 
U^O which deposits in drops on the cooler part of 
the test tube — the liquid drops turn anhydrous 
copf)cr sulphate blue and arc confirmed as water, 
, , - j , ~ formation of water indicates the presence 

of hydrogel], provided the substance and copper oxido are thoroughly dried before 
the experiment. 

Copper oxide Ls hygroscopic, and hence it is strongly heated and then cooled 
in a desicator before u»se in organic Jiiialysis. 

Wlien the organic compound is a gas' or a volatile liquid like ether and alcohol, 
the gas or the vapour of the liquid is passed over red-hot CuO, and then throuirh 
lime water. ® 

Organic substances are frequently inflammable, and readily catch fire or char 
and swell up into a black mass on heating ia a crucible lid. 


Fig. 14 


Detection of nitrogen. Many organic nitrogen compounds evolve 
ammonia when strongly lieated with sodalime. Evolution of ammonia 
proves the jiresence of nitrogen, but a negative result does not show 
absence? of nitrogen, since the/e arc some organic compounds contain- 
ing niti'ogen, e.g., nitro and azo compounds, which do not evolve 
arnmrinia on heating with soda lime. 

Eut Iftissdiync s test for nitrogen is applicable to e'teVv type of 
organic nitrogen pompound. 


Lassaigne’s test for nitrogen, sulphur, and chlorine, bromine, and 

lodine.-nThe method depends on the fact that when an organic corn- 
pound is strongly heated with metallic sodium, any nitrogen present 
is converted into sodium cyanide, sulpkur into sodium sulphide, and 
the halogens into sodium halides, which are then tested. 

A ^ece of metallic sodium, about the size of a pea, is melted in 
a sh/>rt test tube by beating over a small flame, and a little of the 
organic compound (0'02 — 0'05 gm.) is dropped directly over the molten 
metal. A vigorous reaction sets in and care is necessary. 
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•The mixture is strongly heated for 2—3 minutes^ until the glass 
is red-hot. The red-hot tube is then plunged in distilled water j(about 
5 c.c.) in a mortar, whereby the hot end of the tube crumbles — the 
plunging should be done in such a w'ay that the eye is not endangered, 
as any unused sodium would react with water with a Hash and may 
cause explosion. 

The contents of the moi*tar are then ground with a pestle, and 
filtered from powdered glass and carbonaceous •matter. The filltrate 
is alkaline^ because any unused sodium reacts with w^ater, producing 
caustic soda. The filtrate contains sodium cyanide, sodium sulphide 
and sodium halides, if nitrogen, sulphur and halogens are present in 
ttie original substance. The filtrate, is tested for as follows : 

(a) Nitrogen. — To a i)oitioii of the alkaline filtrate about 1 c.c. of 
ferrous sulphate solution is added, and the mixture boiled for a minute 
or so. The solution is cooled and a drop of fen’ic chloride solution is 
added, and then acidified with dilute hydrochloric acid, when the 
formation of a blue colour or precipitate dtdects the presence of 
nitrogen . 

J)uring fusion the nitrogen and carbon in the substance combines 
with metallic sodium, • giving sodium cyanide. When the alkaline 
filtrate is treated with fprrous sulphate, ferrous hydroxide is precipi- 
tated and then fiodium ferrocyanide, Ka 4 [Fe(CN)^ |, is forjned in the 
solution. On the addition of ferric chloride and acidific{»tion .deep blue 
ferric ferrocyanide (Prussian blue) Fe J^Fe(CN 6 13 , is formed. 

Na -H C + [N] = NaCM («odium evanide). 

FeSO, -I- 2NaOH -= FefOH), -h Na..s6, 

FefOII)^ + 6NaCN = Na,Fe(ON). -f 2NaOH 
FeSO, + 6NaCN = Na^Fe(CN), -f Na,SO, 

3Na,Fe{CN), + 4FeCl, FeJFe(CN)eJ, + 12NaCl 

(b) Sulphur. — To a portion of the alkaline filtrate few drops of sodium nitro- 
prusside solution are added, when a violent colour develops due to the presence 
of sulphide. 

During sodium fusion any sulphur prscent in the substance is converted into 
sodium sulphide, and hence the detection of sulphide indicates the presence of 
sulphur. 

(c) Chlorine, bromine and iodine. — In absenre of nitrogen and 
sulphur (as indicated by the tests abova) a portion of the alkaline 
filtrate is acidified with dilute nitric acid and a solution* of silver 
nitrate added— a curdy white or yellow precipitate indicates ^ halogen, 
since during fusion with metallic sodium any Cl, Br or I present in 
the substance are converted into sodium chloride, bromide, or iodide. 
The precipitate is distinguished as follows: 


Precipitate 


Curdy white ApCl 
Pale yellow AgBr 
Yellow Agl 


Solubility in ammonia 

• 

Indicates presence of : 

Readily soluble 

Chlorine 

Difficultly soluble 

Bromine 

Insoluble 

Iodine 


For further tests a portion of the filtrate is acidified wUL 
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and then treated with chlorine water and shaken with carbon disulphide ; (i) a 
reddish-brown CS^-layer indicates bromine, and (ii) a violet layer iodine. 

In^presence of nitrogen and Jot sulphur the filtrate is acidified with dilute 
HNO., and then boiled for some minutes to decompose any NaCN and NajS- 
present and to expel the liberated IICN and HjS. The solution is then cooled 
and tested with silver nitrate. A curdy whifC or yellow precipitate indicates 
halogen. 

Beilstein’s test for halogens* — An intiaminrtble organic halogen 
compound often gives ^ green-edged flame. But a more delicate test, 
due to Beilstein, is to heat the substance with copper oxide when :x 
bright green flame is produced. 

One end of a thick copper wire (4 inches) is inserted into a cork, and about 
i in. of the other end is bent over so that it lies parallel to the longer length 
of the wire. 'Fhe bent end of the wire is heated in a TUiriscn flame until it ceases 
to colour the flame green — the end is now coated with copper oxide. It is cooled 
and dipped into the substance and again heated, when the flame is tinged with 
green. The test depends on the formation of volatile copper halide. The test 
may sometimes fail, and also occasir)nally given by compounds free from halogens. 
Thus many organic nitrogen compounds give this test due to the formation of 
cuprous cyanide. 

Dete<^tion of phosphorus. — When an organic phosphorus (ornpemnd is fused 
with an oxidising mixture of sodium carbonate and nitre, the phosphorus is 
converted into alkali phosphate. The fused mass is extracted with hot water — 
tho filtrate is acidified with nitric acid and then wanned with ammonium molyb- 
date solution, when the formation of a yellow pre(;i^iitate deter] s phosphorus. 

Detection of oxygen. — There is no satisfactory general test for detection of ^ 
oxygen in.orgatiic compounds. It.s presence is deduced from the results of 
quantitative analysis. 

Middleton’s alkali-sugar test .for sulphur and halogen and nitrogen (in a 
limited number of cases). — A small sample of the substance is mixed with 6 times 
its weight of alkali-sugar mixture (a mixture of 9 parts of pure anhydrous Na^CO^ 
and 1 part of pure cane sugar) and then heated and proceeded for detection of 
S, halogens and N, as in Lassaigne’s test, except tliat 2 — 3 dro])s of aqueous 
NaOH are to be added to the filtrate before testing for nitrogen. 

Middleton’s alkali-zinc test for nitrogen.- 7 -A small amount of the substance 
is mixed with 5 parts of its weight of alkali-zinc mixture (a mixture of 1 part of 
anhydrous Na.CO, with 2 parts of zinc du.st) and tJieii heated and treated as in 
Lassaigne’s test. 

*Quantitfltive analysis. — ^rhe qnalitativo analysis of org^anic com- 
pounds is followed by their quantitative analysis (also (?alled ultimafn / 
anali;si«) by which the actujil amounts of the eleuieitts present in a 
compound are determined. 

Estimation of carbon and hydrogen^ — The (piantitative estima- 
tion of cfirbon and hydrogen in an organic compound js carried out 
by oxidising the substance in a current of oxygen, and collecting and 
weighing the carbon dioxide and water formed. This method of f 
analysis was mainly due to Liebig (1831). 

The combustion is carried out in a hard glass tube (fig. 13) whiqlt ' 



Fig. 16 

contains (i) a spiral of oxidised copper gauze (B), then (ii) a small 


ANALYSIS OF ORGANIC COMPOCNDS 


113 


porcelain boat (C) containing a weighed quantity of the substance 
(0-1 — ()*2 gm.) and (iii) hnally a la\er of dry wire-fonn copper oxide 
(P to P') tilling nearly two-thirds of the tube, kept in position loose 
asbestos plugs. 

The tube (d) is placed ip a combustion furnace (fig. J6), and the 
end ij(*arest to the boat is attached to a gas holder (b) containing air 







16 

and a (iylinder of compressed oxygem (a) i)i(t two wash bottles (c) 
containing eoncentrated caustic alkali and sulphuric acid respectively 
to piiriry the air and oxygen frcun carbon dioxide and moisture. The 
other (' 11(1 of the tub(* is connected 
to a weighed U-tub(* (e) eontaiii- 
ing granular (calcium ^3hlol•ide and 
a potash hull) (containing strong 
caustic potash* solution) with an 
attached e.alcinm chloride lube (f) 
to prevent the loss of moistiuu' 
from tfie hull). Tlu' potasli bull) with the OaOL-tulx) is also 
pr('viously weiglu'd. Then follows a (kiClg-tube (g) to prevent diffu- 
sion of aiiriosplieric moisture inside the appai'atiis. All corks and 
rubber connections must he gas-tiglit.. 

Tluy o|H'r.U ion of coinlnistion is rarriod out as follows A sk)w sticani of 
o\v<;c'n is first passed llirouiL^li ihe tube by tuniiii^^ on tho oxyjjton sii])ply, tlic^n 
llio layir of roppiM' ovidt; and next the roll of oxidise co])per ;ra.uze‘ are made 
led-hol, by litrJitine, tin burners under I hem. Tlie sul larire is then fTradually 
flea, fed iiy li^r|,<iii<^ the buriicis under the boal itself, ud burnt. The oxidised 
Ou-^muzc (H) ni (‘Vents backward diffiisiim oi the prndi cts of combustion. Tlie 
copper oxide layer (pp') oxidises anv of llio snhsljnee whicli may vaporise 
line lianced, and also converts anv CO (formed cine, tr incomplete combustion) 

into ro.. 

'Tlie water that is formed is absovbt^d in the CaCl 2 -tuhp., and tln^ 
CO^ in th(^ potash bulb. AVhen tho substauc(' is complc^tely burnt, th(^ 
()xygf*Ti siipy)Jy is cut off, and the apparatus is allowed to *cool down 
in a slow ciirr(}nt of dry air. Tho ontin^ opr'ration of combustion takes 
2 — 3 hours. 

Tho CaClo-tube and the potash bulb are disconnecb'.d, and their 
ends closed with rubber caps, and finally weighed. The increase in 
weights of the (^aCla-tube and* the potash bulb gives the weights of 
water and CO^ formed respectively. 

Calculation. — Lft the weight of substance taken = w gm. 

The increase in weight of potash bnlb = a gm. 

The increase in weight of CaCla— tube = b gm. 
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weight of CO, formed = a gm. ; weight of water formed = b gm. 


, , 12 a 300xa 

percentage of carbon = xlOO = 

2 h 100 X h 

Percentage of hydrogen ==■ ^8 ' 9 >^ 

If the organic substance containa ntiroyeti, a* roll of (unoxidised) copper gauxe 
placed in tfio combustion tube beyond tlio copper oxide layer, and kept red-hot 
during combustion, this will reduce any oxides of nitrogen which would otliorwise 
be absorbed in the potash bulb. 

In case it contains hahhjvnn or sulphur, the copper oxide is replaced by fused 
grjtnulalcd lead chromate, which retains the halogens as lead halide and the 
sulphur as lead sulphate, as otherwise the free halogens and SO, are liable to bt 
Absorbed in the potash bulb and vitiate the result. 


Example. — 0*1793 gm. of acetone containing carbon, hydrogen, and oxygen 
only, gave on combustion 0*4082 gm. carbon dioxide and 0*1670 gm. of water., 
Find it.s percentage composition. 

Weight of the substanc<j biiriil —0*1793 gin. Wl. of CO„ — 0*4082 gm. ; wt. 
of H,() =. 0*1670 gm. 

300 x 0*4082 __ „ „ „ 100 x 0*1670 


% of C - 11^0.1793 - 6207; % of H - 9^(^1793 


10-35 


percentage of oxygen ~ 100— (62*07 -r 10*35) - 27*58. 

Estimation "of nitrogen. — Nitrogen in an organic ct)mpound is 
usually estimated by : (i) Dumas' method in jvbich all the nitrogen 
contained in the organic substance is liberated as Irec nitrogen gas, 
and (ii) Kjcldahl's method in wJiich the ihlrogeii js liberated as 
aiiinionia. * ^ 

Domain’ method. — Tbe rru*tbod is based on the fact that when an 
organic compound containing nitrogen is strongly heat(»d with copper 
oxide, it is entirely dcicornposed into carbon dioxide, water and nitrogen 
(and its oxides)- -the products of combustion arc then passed over 
heated copper gauze to reduces tlie oxides of nitj’ogen, and liiially the 
nitrogen is (iollected in a graduated tube over caustic potash solution 
which absorbs the carbon dioxide. I’he percentage of nitrogen is 



Fig. 18 


calculated from the volume of nitrogen obtained from a given weight 
of the substance. The analysis is carried out in a combustion tube 
(iig. 18) which contains : first a spiral of oxidised copper gauze, b, 
then an intimate mixture of the organic compound (0-15 — 0-5 gm.) and 
10 — 20 gm. of fine copper oxide, and next a layer of wire-form copper 
oxide, c, and finally a spiral of bright (unoxidised) copper gauze, d. 
A hard glass test tube, a, containing magnesite (magnesium carbo- 
nate) or podium bicarbonate, is attached to one end of the combus- 
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tion tube, and a Schiff's nitrometer, n, containing 40 per cent caustic 
potash solution is connected to the other end. The njtrometer con- 
sists of a graduated tube fitted with a stop-cock at the top, and having 
tw'o side tubes, one being attached to the combustion tube, and the 
other to a reservoir of caustic^ potash solution. Before the substance 
is heated, all the air from the apparatus is displaced by a slow current 
of carbon dioxide — all the while the stop-cock of the nitrometer is 
kept open and the reservoir is lowered so that the potash solution is 
run out of the nitrometer tube. When all the air is driven out, the 
nitrometer is completely filled with the potash solution by raising the 
* reservoir, and the stop-cock is then closed. 

The oombuslion is tlien started : first the wire-form copper oxide, and then 
the two copper gauze spirals arc heated to bright redness by lighting the burners 
<»f the furnace, and finally the mixture of the substance and copper oxide is care- 
fully heated until gases cease to be evolved — the ciiiTcnt of carbon dioxide is 
slackened but not stopped <luring combustion. When the evolution of nitrogen 
baa ceased, the flow of is increased to drive out the last trace of nitrogen 
into the nitromelor. The apparatus is then allowetl to cool. The reservoir is then 
raised until the potash is at the same level in it ;}nd in the nitrometer tube — the 
volume of nitrogen is then read, and the temperature and barometric pressure arc 
also noted. 


Calculation.— Let weight of the substance taken - w grri. V'oUimc of 
collected V c.r, Tenipentturo -- t°C. Aqueous tension at t°c - f mm. Baro- 
mttric pH'ssurc — P mm. ^ 

liOt the voluuief of the Nj gas at N.T.P. -- n' c.c. ^ 


v' 


^x(/'-yix273 

(273-1-/1x760 


N.T.P 


22400 c.c. at N.T.P. weigh 28 gm. (gtam molecular weight of N 


1 / c.c, of Nj at N.T.P. weigh 28c'/22400 gin 


28r'xl00 

pm-eiitago ot N, - 

Example. — 0’1&16 gm. of an organic compound con- 
taining nitrogen gave 25 c.c. of nitrogen measured at 
17® C ami 754 inm. ])rcssiire. Aqucoii.s tension at 17® (' 
is 14'5 mm. Cahnlatc the ])crcentage of nitrogen in the 
substance. 


Volume of N. at N.T.P. 


25- (754 -14>5)-273 
(273-|-l'7)-760’ 


22-92 i.c. 


22-92 

percentage of N, 8x0-1616 "" 


(ii) Kjeldkhl’s method. — The mothod is 
based on the* fact, that wdien many nitrogenous 
organic compounds are completely deccanposed 
with hot concentrated sulphuric acid, their nitro- 
gen is converted into ammonium sulphate. 

A w'eighed quantity (0'5 — 5^m.) of the sub- 
stance is taken in a Kjeldahl flask (fig. 19) and 
covered with about 20 c.c. of concentrated sul- 



phuric acid to which some 10 gms. of potassium jg 

sulphate are added. The potassium ^sulphate 

raises the boiling point of the acid and promotes oxidation. A small 
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crystal of copper sulphate which acts as a catalyst is also sometimes 
added. The tiask is then heated for nearly an hour, at first slowly 
and t^ien sufficiently to boil the acid. ^Ihe acid first darkens in colour 
and then becomes colourless. The nitrogen contained in the sub- 
stance has been converted into ammoniiini sulphate by this time. 

The flask is then cooled and its contents are transferred into a 

round-bottoTn-tlask (fig. 20) by carefully 

washing with water. 'Ihis tiask is connected 
through a trap (a device to prevent carry- 
over of the li(piid from the flask into the ^ 
condenser) to a condenser whicli just dij)S '' 
into a mcdfturrd volume of nfaudard (icidr 
(N/10 H(M or JLSOJ in a ctmical flaAk 
(fig. 20;. 

'Iho licpiid in the flask is made strongly 
alkaline with caustic soda solution to liber- 
ate amrnonii from the ammonium sulphate, 
and then boiled to drive off the liberated 
ammonia wliich is al)sorbed in the standard 
acid. \Vli(*n no more ammonia comes over, 
the excess acid in 4he conical tiask is back 
titrated with stai^fiard caustic; soda solution 
so as to find tlTe acid neutralised l)v the* 
jjjg 20 ammonia. Hence we can find out the 

amount of armnonia formc'd and from 
this the })ei’centag(» of nitrogen in the organic comj)oimd. 

Calculation. — llu* wei.ulil of suhslaiKo luUcn = w ;;’m. * 

Vnhimo of .‘U'ui taken -- j" c-.c. of N and solntion. Volniiu; of alkali required 
ill the back titiation - // c.c. of N NaOlI solution, 

/. volume of and ncutralise<l by ammonia - (x--//) or r c.e., say, of N acid. 

ammonia liberated -- r e.e. of N ammonia. 

1000 c.e. N ainiiionia " 17 ^rn. of NH, or 14 gms. of nitrogen. 
r c.c. N ammonia = 0*014 X'’ of nitrogen. 

0*014x^'XlCO 1-4 r 

pereenlagc of iiit^’ogen -- - = ' . 

Examole. — 0*590 ,i;m. of an organic compound containing nitrogen was dceom- ^ 
posed by Kjeldahl’s method and distilled with canslio soda — the liberated gas was 
absorbed in 60 c.e. of N/2 ; after absorption the c.xeess acid was neutralised 

by 30 e.(v. of N/2 caustic soda. Caleiilate the jiereciitage of nitrogen in 
compound. 

Vol. of acid taken -50 c.e. N/2 acid ^ 25 c.e. N acid. 

K-\ce.ss acid -> 30 c.c. N/2 alkali - 15 c.c. N alkali. 

/. acid neutralised by ammonia = (25 — 15) i.e., 10 c.c. N acid. 

/. ammonia liberated - 10 c.c. N ammonia. 

0*014X10 


J^ig. 20 


percentage of N„ = 


XlOO r. 23*72. 


Dumas* method is applicable to all types of nitrogenous organic compounds. 
But the Kjeldahl’s method gives reliable results only with those types of com- 
pounds, in which the nitrogen exists in a non-oxidised form — the method, for 
cxamole,,, is unsuitable for the analysis of iiitro, nitroso, azo, and azoxy com- 
pounds, ’ Cyclic nitrogenous compounds, such as pyridine, cannot bo analysed 
by this method. The method, however, has the merit of being quicker and less 
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laborious, and is largely used in tho routine analysis ol soil, fertilisers, natural 
waters, and foodstuffs, etc. * 

Estimation of other elements.— (a) Halogens. The halogens, clfiorine, 
bromine and iodine, are usually estimated by Cnnua* method in which a weighed 
quantity of the substance is oxidised with fuming nitric acid in presence of a 
lew crystals of silver nitrate in a sealed tube — the tube is placed in an iron case 
and heated in a special type of furnace, usually at about 200 “ C, tluring four liours. 
Any hah)gcn present is converted into sil\cr halide. The Lube is then cooled 
and carehilly opened, and its contents arc waslied out with distilled water, 
collected, and weighed as silver halide. • 

Calculation.— Let the weight of tlio substance n\ gm. Weight of AgX 
formed (wlierc X — Cl, Br or 1) — gm. 

X v\ 

P«*™nlaKe of X =. ^Qg^X,^-^Xl00, 

where x - atomic weight of X. 

Example. — 0-3149 gm. of an org.inic com])oiind coiilainiiig clilorine gave 
0*4026 gm. of silver <'hlorido by analysis by Canus’ method. Calciilale Iho per- 
centage of clilorinc in the compound. 

.... 35-5 0-4C25 

% of chlorine r. | 35.5 j X X 100 31-62 

(b) Sulphur. — Sulphur is estimated by Carius’ method in nftich the same way 
as tho halogens. The compound is oxidised by heating with fuming nitric acid 
in a scaled tube, huf without the mlditioa of tnUrir nitiate. 'I'be resnlliiig 
sulpliui’ic acid is then precipitated and wcigheil as barium sulphate. 

Example.- -0-250 gm. of thiourea gave 0-766 gm. of PaSO^ (mol. wt. 233). 

32 ^ C-766 

percentage of sulphur -- < 2 ^ ^ q.' 25 () ^ ^ ^ - ^^-07 

(c) Phosphorus. — Under similar conditions* as above phosphorus 's oxidised 
by mlric acid to }‘l\o.sphoi ic acid which may be precipitated as magnesium 
ainmoiiium phosplinle, ]\lgNH,PO,, and finally weighed in the form of nuigne- 
sinm pyrophosphate, MgaPnO,. 

(d) Oxygen. — There is no suitable geneial method for estimating oxygen in 
organic (■ompouiid.s. The fierccnlage of oxygen is always Found out by dif/t retire ^ 
when tlio ]icrcentagcs of all other elements jirescnt in an organic coinpoimd arc 
know’ll from aiiaivsis. 

In numerical problems involving jierccntage composition, if the sum of the, 
[lercentages of different elements docs not come up to 100 , tlie deficit (if consi- 
derable) is assumed to be the peicciilage of oxygen in the substance. 


XXLV • 

E1V|PIRICAL AND MOLECULAR FORMULAE 

, • 

Empirical and molecular formulae. — The empirical fcjrinubi ol an 
organic compound is calculated from its percentage Ctimposition, i.c., 
from the rcnultfi of qnanfitafiDe analyniH. But to find out tlie mole- 
cular formula, the molecular weight of the substance must he known. 

Oeterniinatloii of molecular weight by physical methods include : 

(a) Va/mir detwit 1 / method — molecular weights of volatile lh|nids, e.g., 
acetone, alcohol, benzene, chloroform, etc., are usually found out by Victor 
Meyef 8 vapour density method (page 106, part I). 

(b) Methods involving measuremonta of (i) osmotic pre^siire^ (ii) lowering of 
vapour pressure^ (iii) elevation of boiling point, and (iv) lowering of freezing 
point, of a solution (page 108, part I). 
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•The method of arriving at empirical and molecular formulae is 
explained wifcb reference to a few actual examples. 

Example 1. — 0*1793 gm. of an organic compound containing C, H, and 0 
only, gave on combustion 0*3586 gm. of CO, and 0*1467 gm. of H,0. Calculate 
its empirical formula. • 

The steps in calculation are as follows : (i) Calculate the weights of C and H 
in the weight of tlie compound taken : 

Weight of carbon = 0*3586x12/44 = 0*0978 gm. 

Weight of liydrogen -- 0*1467x2/18 - 0*0163 gm. 

W'cighl of substance taken - 0*1793 gm. 

0*1141 gm. 

Weight of oxygen = 0*0652 gm. 

(ii) Divide the weight of each element by its atomic weight : 

C - 0*0978/12 "• 0*008149 These numbers are proportional to the 

II - 0*0163/1 " 0*0163 number of atoms of oacli element present 

0 -- 0*0652/16 =- 0*004075 in the comfioimd. 

In order to tivoid cyphers it is convenient to mnltiplv each of the above 
numbers by 1000. Then/ C 8*149, H :r. 16*5, and O 4 075. 

(iii) Divide the proportional numbers so obtained bv the lowest : 

C = 8*149/4*075 -- 2 ; 11 = 16-3/4-075 = 4; 

O = 4*075/4*075 = 1 /. empirical formula is 0,11^0. 

Example 2. — 6*1886 gm. of an organic compound gave 0*2175 gm. of CO^ and 
0*0222 gin. of HjO on combustion. ^ 

0*1791 gm. of the same subidance gjivo 29*1 c.c. of nitrogen collected over 
water at 17 ®C and 743 mm. pressure. AqueoustCension at 17® is 14*5 mm. i 
Calculate tlie empirical formula. * 

Weight of carbon = 0*2175x12/44 = 0*05932 gm. 

Weighi of hydrogen = 0*0222 x 2/18 - 0*002473 gm. 

Volume at N, at N.T.P. . 26*26 c.c. 

290 x 760 


26*26 c.c 


22*4 litre of nitrogen at N.T.P. weigh.s 28 gm. 

0*02626 litre of N, at N.T.P. weighs 28 x 0*02626/22*4 - 0*03283 gm 
i.e., 0*1791 gm. of the substance contain 0*03283 gm. of N,. 


0*1886 gm. 


Wt. of C = 0*05932 gm. 
Wt. of H = 0*00247 gm. 
Wt. of N = 0*03457 cm. 


0*03283 x 0*1886 
0*1791 ^ 

i.e., 0*05457 gm. of N,. 

wt. of 0 = 0*1886 gm. 

0*0964 gm. 


0*0964 gm., nearly. 0*0922 gm. 

Multiplying these numbers by 1000 (in order to avoid cyphers) and dividing 
by at. wis. of C, etc. , we get : 

C = 59*32/12 = 4*943; II = 2*47/1 = 2*47 ; 

N = 34*57/14 = 2*470; 0 = 92*2/16 = 5*762. 

Dividing these proportional numbers bv the lowest amongst them : 

0= 4*943/2*47 = 2; H = 2*47V2*47 = 1 : 

N = 2*47/2*47 = 1 ; 0 = 6*76/2*47 = 2*33. 

Multiplying by 3 to bring to whole numbers ; 

0=6 H = 3 N=3 0 = 7^ 

the empirical formula is C^HaNjO,.* 

Example 3. — An organic compound of molecular weight 60 contains 20*0% C 
and 6*7% H,. 0*3 gm. of it gave 112 c.c. of N, at N.T.P. ITind its molecular 
formula. 

Weight of 112 c.c. of N, at N.T.P. = - = 0-14 gm. 
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percentage of N^, in the compound = 0*14x300/0*3 = 46*67 
.*. percentage of 0, = 100- (20*0 + 6*7 + 46-67) = 26-63 
.*. C - 20% ; H ^ 6*7% ; N = 46*67% ; 0 = 26-63%.* 

Dividing by their respective atomic weights : 

C = 1*67; H -= 6-7; N = 3*33; 0 == 1-67. 

Dividing by tho lowest number 1-67 : 

0 = 1; H = 4; N = 2; 0 = 1 
.*. the empirical formula CON^H^. 

Let the molecular formula be (CONjHJn, then (12+16+28H-4)n = 60, 
whence n = 1. tlie molecular fornjula is CONj,H^. 

Example 4. — 1*2 gm. of an organic compound gave on combustion 0*88 gm. 
of COa and 0-72 gm. of H^O. On decomposition by Kjeldahl method tho same 
weight of the substance gave ammonia which iientralised 40 c.c. of (N)HaS 04 . 


of 


A 2 per cent aqueous solution of the substance depresses the freezing point 
water hy 0*62° C (Molar depression of freezing point of water is 1*86). 

Calculate the empirical and molecular formula of the substance. 

Wt. of carbon -- 0*88x12/44 = 0*24; wt. of hydrogen = 0*72x2/18 = 0-08 
40 c.c. NH,SO, - 40 c.c. NNH, = 0*014x40 T.- 0*56 gm. 

wt. of oxygen 1-2— (0-24 4*^08-t-0-56) = 0*32 gm. 

Diviiliiig by the respective atomic weights : 
a - - 0*24/12 = 0*02; H, = 0-08/1 - 6-08; 

N, - 0*56/14 = 0*04; O, = 0-32/11 = 0*02 


Dividing hy (ho loviiipst number : C = 1, 
the empirical formula is CON^H^. 

Now. in - K. Ill, part I) ; 

oy.dt 


H = 4, N = 2 and 0 = 1 


m 1-86 X 


2x1000 

jL66xO*62 


60 


Let the molecular formular be (CON^H 4 )n. * • 

.*. (124-16+28+4)n :■ 60, whence n ~*1; molecular formula is CON^H^. 

Determination of molecular weight by chemical methods. — 

Cheniicul methods may be used to determine the molecular 
weights of organic acids and bases when their haaicity or acidity is 
hnown. 


(i) Organic acids. The molecular weight is given by tho relation: 

mol. wt. = equivalent wt. x basicity. 

The equivalent weight may be determined : (a) by direct titration 
of a weighed quantity of the acid (0-2 — 0-5 gm.) by standard deci- 
normal NaOlT solution, wdth phenolphthalein as indicator. 

liCt V c.c. of N NaOH solution ~w gm. of the acid. 

.’. 1000 c.c. ,, ,, ,, =10(X) w/v gm. ,, 

equivalent weight of the acid =1000 w/v. • 

(b) hy analysis of the silver salt. — A weighed quantity of the 

silver salt is strongly ignited in a crucible, when residue of metallic 
silver remains, which is weighed on cooling. 

Let w^ gm. of silver salt give \\\ gm. of silver as residue. 

Equivalent weight of Ag-salt _ Weig ht of Ag-salt ignited 
Equivalent w'eight*of silver Weight of Ag residue 


i.e., - 


eq. 


wt. of Ag-salt=^ 
w, 


xl08 


Eq. wt. of Ag-salb_w 

108 Wi 

Now, the eq. wt. of an acid is the wt. of it which contains 1 equi- 
valent weight of hydrogen replaceable by a metal. 
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eq. wt. of aoi(l=eq. wt. of Ag-salt — eq. wt. of silver + eq. wt. 
^ of hydrogen = (~ x 108 — 108+ 1). 


/. mol. wt. of acid == (— x 108 — 108+1) x n, 

where n is the basicity of the acid. 

Example. — 0*4996 gm. of tho silver salt of a dibasic acid gave on ignition 
0*2965 gm. of silver. Calculate the molecular weight of the acid. 

Equivalent weight of the acid — x 108— 108+1 — 75 

0*2965 


.*. mol. wt. of the acid ~ 75 x 2 = 150, since the basicity is 2. 

(ii) Organic bases* — The molecular w'eight of an organic base is 
given by the relation : mol, wi=:its equivalent weight x acidity. 

Organic bases, e.g., amines form crystalline double salts (cliloro- 
platinates) with cldoroplatinic acid, The cbloroplatiriates 

leave a residue of metallic platinum on ignition. I^ct w gm. of the 
cldoroplatinate of a base give vv^ gm. of platinum. Now, cldoroplatinic 
acid, HjPtCl^j (mql. wt. 410) is dibasic and hence its equivaliuit weight 
is 205. 

410 gm. of cldoroplatinic acid eontain 195 gm. of jdaiinmn (at- 
omic weight 195). , 

205 gm., i.e., one eq. wt. of ll^PtCl^ contain 195/2 grns. of 
plafiinuin. 

Let the equivalent weight of the base'— .r, 

A the eq. wt. of tho eldovoplatinate- ir + 2()5. 

, One equivaloit of tho cldoroplatinate contains 195/2 grns. of 
plainum. 

, eq. w^t. of cldoroplatinate wt. of cldoroplatinate ignited 
195/2 wt. of platinum residue 


3t + 205_ w 
’ 195/2 ’ 




w 1 95 

A mol wt of the base=^ ( — x - - -205) x n, 

W I 

W'here n is the acidity of t^ie base. 

Example,-iP‘7502 gm. of the cldoroplatinate of a diacid oiganic base left 
oa ignition 0*2078 gm. of platinum. Find the mol. wt. of the base. . 

Let X = e^. wt. of the bascj its acidity is 2. 

:r+205__ 0*7502 0*7502 _ 195 ^ ^ 

195/2 0*^78 ^ ^ 0*2078 ^ 2" 


A the mol. wt. of the base = 147 x 2 = 294. 


EXERCISES 

1. 0*2136 gm. of an organic compound' gave 0*6012 gm. of CO, and 

0*0894 gm. of H^O. What is its empirical formula? C,.Hj0.j. 

2. 0*354 gm. of an organic substance ga\e on analysis 0*792 gm. of CO, 
and 0*486 gm. of H,0. Tho same weight of the rubstane'e gave 67*2 c.c. of 

at N.T.P. The vapour density of the substance is 29*5. Calculate its molecular 
formula.. Delhi Inter. C,H,N. 

3. 0*6 gm. of au organic compound gave on combustion 1*148 gm. of CO, 
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And 0*704 gm. of H.jO, 0*23 gm. of the substance occupied a volume of 112 c.c. 
at N.T.P. Find its molecular formula. * 0,11*0. 

4. 0*15 gm. of an. organic liquid gave on combustion 0*33 gm. of CJO, and 
0*18 gra. of water. Its vapour density was 30. (''alculate its molecular formula. 

03H*0. 

5. 0*15 gm. of a substance containing nitrogen gave 64*85 c.c. of N, 

measured at 29®C and 756 mm. pressure. Aqueous tension at 29®C is 30 mm. 
Calculate the percentage of nitrogen in the sample. 46*67%. 

6. 0*225 gm. of an organic compound was decomposed by Kjcldahl method 
and distilled with excess of caustic soda. The liberati^d ammonia Avas absorbed 
in 25 c.c. of N^HjSOj. After absorption the acid solution was made up to 
250 c.c. 25 c.c. of the diluted solution required 20 c.c. of N/10 NaDH for 
neutralisation. Calculate the percentage of nitrogen in the sample. 3T11%. 

7. 0*100 gm. of a mouoba.sic organic acid gave 0*2525 gm. of CO, and 

0*0432 grn. of 11,0 on combustion. 0*122 gm. of the acid was neutralised by 
10 c.c. of N/10 alkali. What was the acid? Punjab Intvr.; C*H^(^OOH. 

8. 1*195 gm. of a compound on analysis gave : C 0*12 gm., H 0*01 gm., and 

Cl 1*065 gm. Its vapour density was 59*75. Find its formula. DoJhi Intvr. CHCl,. 

9. 0*185 gm. of an organic compound gave on combustion 0*440 gm. of CO, 

and 0*225 gm. of H.,0. Its vanour density was 37. What is the molecular 
formula? “ ' ^ C,H,oO. 

10. 0*109 gm. of an organic compound gave on analysis 0*088 gm. of CO, 

and 0*045 gm. of 11,0. 0*185 gin. of it gave 0*319 gm. of AgBr. Find its 

molecular formula. “ lionihfty Infer, CJI.Br. 

Jl. 0*354 gm. of an qj-ganic substance gave on combustion 0*415 gm. of CO, 
and 0*212 gin. of HjO. 1*125 gm. of the siibstnnco gave enough ammonia by 
Kjcldaiil method to neulralwy 30 c.c. N /2 IT., SO,. 

1*47 gm of th^ substance depressed the freezing point of 175 giji. of benzene 
by 0*56®. Molar freezing point comstant of benzene is 5. Calculate the mole- 
cular formula. ^ • C.TI3NO.,. 

12. A dibasic acid was found to contaiti 26*70% C and 2*20% H,, and the 

rest; oxygen. Tlio vapour density of its diineihyl ester was 59. What was the 
acid? Punjab lntvr\ O.xalie acid, HOO(-C()OII. 

13. 0*6813 gm. of silver salt of a tribasic acid gave on heating 0*4302 gm. 
of metallic silver. Calciihatc the molecular weight of the acid. Mol. wt. 192. 

14. The silver salt of an organic acid contained 59*33% of silver. Calculate 

the cipiivalenl, weight of the acid. Eq. wt. 75. 

15. 0*641^3 gm. of silver salt of a monobasic organic acid gave on ignition 
0*2858 gm. of silver. Calculate the molecular weight of the acid. Mol. wt. 138. 

16. A moMoba.sic organic acid on analysis gave the empirical formula CTT,0. 

Its melliyl ester had a vapour density of 37. 0*4120 gm. of the silver salt of 

the acid left 0*2665 gm. of silver on ignition. What was I he acid ? 

Delhi Inter. CK.COOH. 

17. A dibasic acid containing 26*66% of C and 2*22% of H.,, and tho rest 

oxygen, gave a silver salt contaning 71*05% of silver. What is the fonniila 
of the acid? * Bombay Inter. IIOOC-COOH. 

18. 0*381 gm. of an organic acid on combustion gave 0*962 gm. tof CO, and 
0*163 gm. of H.O. 0*428 gm. of silver salt of the acid gave 0*202 gm. of silver 
on ignition. .What is the equivalent weight and formula of the acid? 

Delhi Inter. C,H,0,. 

19. 0*5025 gm. of the chloroplalinate of an organic ba^ gave on ignition 
*0*1644 gm. of platinum. Find the equivalent weight of the base. Eq. wt. 93. 

■ 20. 0*5435 gin. of the chloroplatiiiate of a monoacid base left on ignition 
0*2120 gm. of platinum. Find the molecular weight of the base. Mol. wt. 45. 

QUESTIONS 

T 

1. Define organic chemistry and historically trace its growth. What are 
its distinctive features which justify its study as a separate branch of chemistry? 

Patna Inter. 

2. fi) Illustrate the characteristics of a homologous series with reference 
to paraffin hydrocarbons. 
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(ii) Attempt a classification of the organic compounds according to the 
functional groups present in them. 

(iiij Write notes on the theory of carbon linkage. Illustrate with examples. 
What are alkyl radicals? 

II 


5. (i) What are paraffins? Give an adUount of isomerism among the 
paraffins. 

(ii) Describe with examples : (a) Wurtz reaction^ (b) Kolbe's synthesis, 

(c) Grignard’s reaction. 

4. (i) Outline the syjithesis of methane and ethane, starting with : (a) acetic 

acid, and (b) methyl alcohol. 

(ii) Explain the statement that methane is a saturated hydrocarbon. 

6. An organic compound (A) containing 8*45% C, 2*12% H, and 89*43% 
iodine, gave on reduction a hydrocarbon which was also formed by heating 
sodium acetate with soda lime. Also on treatment with sodium in presence -ot 
ether A gave a hydrocarbon which was identical with that obtained by electro- 
lysis of sodium acetate. What was A and what were the hydrocarbons formed? 

Methylodide, CH^I; methane, CH^; ethane, CH3-CH3. 

in 


6. (i) Explain the terms : double bond, triple bond. Hov/ would you detect 
the presence of unsaturation in an organic compound? 

(ii) Compare the properties of ethylene and ethane. Hov/ wmuld you 
separate a mixture of ethylene and ethane. 

^ (iii) Mention the tests for distingui.shin^ between the following gases : 
methane, ethylene, acetylene, carbon monoxide, and hydrogen. 

7. (i) Starting with ethylene, outline the steus for obtaining : acetylene, 

ethyl alcohol, glycol, and ethane. • 

(ii) Givefi acetylene, how would you prepare : ethylene, ethyl alcohol, acetic 
acid, and henzerfb. 

8. Explan what hapenns whcik; (a) ethylene is passed into bromine, and 
the product formed is treated i;^ith alcoholic potash, (b) acetylene is treated 
with hydriodic acid, (c) acetylene is led into hot dilute sulphuric acid contain- 
ing mercuric sulphate, (d) ethylene bromide s heiited with zinc dust, (e) ethylene 
is treated with ozonised oxygen and the product formed is treated with water. 

• 9. An olefinic hydrocarbon : (i) gives propane on catalytic hydrogenation, 
(ii) adds HI to form a compound which on treatment with moist silver oxide 
giv^s an alcohol, which on oxidation gives acetone. What is the hydrocarbon? 

Propylene, CH,-CH = CH.^. 

10. An olefine gives two molecules of formaldehyde on ozonolysis. What 

is the hydrocarbon? Ethylene, CH^ = CHj. 

11. A and B are two olefinic hydrocarbons of tho same forlmula O^Hg. On 
oxidation with excess of KMnO,, A gives 2 molecules of acetic acid, and B 
gives propionic acid and CO3. What are A and B? 

A, CH3.CH = CH-CH, ; B, CH3.CH3-CH = CH3. 

12. An unsaturated hydrocarbon, A, containing 90% C and 10% had a 
mol. wt. oi 40. It reacted with ammoniacal cuprous chloride solution, and gave 
acetone on hydration in presence of HgSO^ and dilute H3SO4. What was A? 

Methyl acetylene, ^CIl^-C=CK, 

13. An organic compound (vapour density 14) gave on analysis 85*7% C and 
14*3% H,. It decolorised bromine water, and reacted with ozone, forming an 
ozonide which on hydrolysis gave formaldehyde. What was the compound? 

Ethylene, GHj = CHj. 


IV 


14. Describe the preparation of etby^ iodide, and mention its synthetic 
uses. Bombay Inter, 

16. (i) How is chloroform prepared and what are its important properties ? 

What precautions are taken to store it and why? Mention its uses. 

Patna Inter, 

, (ii) How would you test the purity of a sample of chloroform? 

' (i) How would you distinguish between ethylene ichloride and 

chloride? 
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(ii) What hydrocarbons are formed by the action of sodium on a mixture 
of methyl and ethyl iodides? 

(iii) Describe tho action of alcoholic potash on : (a) cmoroform, ^b) ethyl 

bromide, and (c) ethylene bromide. 

(iv) Outline the steps for conversion of methane into acetic acid and vice 

versa, » 

(v) Describe the action of bleaching powder on ethyl alcohol or acetone. 

17. (i) Given a sample of etliyl .iodide, how would you obtain : (a) ethane, 

(b) glycol, (c) propionic acid, (d) ethyl amino, (e) acetaldehyde, and (f) 
n-butane. 

(ii) Describe a haloform reaction with examples. * 

is. An organic liquid gave on analysis 1(>06% C, 0*84% and 89*1% 
chlorine. Its vapour density was 60. It gave carbylamine reaction. What was 
the liquid? Chloroform, CHCl,. 


V 

19. What are primary, secondary, and tertiary alcohols? How are they 

distinguished from one another? How can methyl alcohol bo converted into 
ethyl alcohol ? Nagimr Inter. 

20. What is pyroligneous acid and how is it obtained? What simple 

compoiin»ls does it contain and how are they separated ? Patna Inter, 

21. (i) How w'ould you introduce an -OH group in organic compound? 
How can you detect the presence of such a group? 

(ii) Starting from ethyl alcohol, how would you obtain : methane, ethane, . 
ethylene, acetylene, acetic acid, diethyl ether, and ethyl amine? 

(iii) Describe the acton • of : sodium, acetyl chloride, phosphorus penta- 
chloride, chlorine, and nitsic acid upon ethyl alcohol, 

(iv) How would you separate acetic acid from ethyl alcohol! 

22. What is alcoholic fe rmen teat ion ? How is it uscd« in making ethyl 
alcohol from starch? How is ethyl alcohol distinguished from mbthyl alcohol? 

* Nogj/ar Inter, 

25. An organic compound (b.p. 78") gwve on analysis 52*2% C and 13*()4% 
Hj. Its vapour density was 23. It gave acetaldehyde on careful oxidation, an<| 
also responded t-o the iodoform reaction. What was the compound. 

Ethyl alcohol, CH 3 CH,OH. 

24. Two isomeric organic compounds contain 52*18% C, 13*1% IIjj, and the 
rest oxygen. One of the isomerr reacts with sodium, and the other does not. 
What are the compounds? Suggest their structural formulae. 

Ethyl alcohol, C,H,OH ; Dimethyl ether, CH^-O-CH,. 

25. An organic liquid, A, (vapour density 30) was found to contam 60% C, 
13*33% H^. On dehydration it gave an olefine (of the formula C.H „1 which 
dissolved in cold concentrated sulphuric acid. The solution, on dilution and 
boiling gave a liquid, B, which was isomeric with the original liquid. What 
were A and B? 

n-propyl alcohol, CHaCHjCHaOH, and secondary 'pro'pyl alcohol, CH 3 -CHOH-CH.,. 

VI 

26. Write the names and structural formulae for two compounds represented 
by tho molecular formula CaH.O. By what characteristic reactions can they be 
identified ? What kind of relationship exists in such class* of compounds ? 

Nagpnr Inter, 

27. Describe the preparation of di-ethyl ether from ethyl alcohol by ‘conti- 

nuous etherification process'. Discuss the ‘continuous’ nature of the reaction. 
Mention the important properties and uses of ether. Bihar Inter. 

28. (a) Which ethers correspond to the formula C^H,oO? How would you 
establish their identity? What is meant by metamerism? 

(b) What different compounds can you obtain from ethyl alcohol and 
sulphuric acid by variation of experimental conditions? 

29. A volatile organic liquid (mol. wt. 741 was found to contain 64*86% C 
and 13*38% Sodium had no action upon it, but on being heated with HI 
it cave an alkyl iodide (b.p. 72®) containing 81*4% iodine. What was the liquid? 

Diethyl ether, 
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VII 

30. Describe tbe preparjition of acetaldehyde and acetone from acetic acid. 
Com pare ftlie chemical properties of acetaldehyde and acetone. Bombay Inter. 

31. (a) By what practical tests w'ould you distinguish between acetaldehyde, 
acetone and ethyl alcohol? (b) Explain what happens when ; (i) acetaldehyde is 
treated with potassium carbonate solution; (ii) sfrong sulphuric acid is added to 
acetone; (iii) formaldehyde is treated with ammonia; (iv) acetaldehyde is treated 
with ethyl alcohol in presence of HCl gas; (v) formalin is boild with a strong 
solution of caustic soda; (vi) calcium acetate is strongly heated alone, and in 
presence of calcium format^. 

32. How would you prepare : (i) acetaldehyde from acetylene, (ii) urotropin 
from methanol, (iii) acetone from ethyl alcohol, (iv) chloroform from acetone, 
(v) chloral from ethanol? 

33. (i) Mention the typical reaction of the carbonyl group, as 

shown by the chemical pr«)perties of acetaldehyde and acetone. 

(ii) indicate the tests for distinguishing formaldehyde and actaldehyde. 

(iii) What is the essential difference between condensation and polyintrisation? 
Tllusti-atc wdli xamples. 

34. What is acetone? How is it prepared? Compare and contrast the 

propeities of ,'ice tone with those of acetaldehyde. Nayjmr Inter. 

35. On dry distillation of calcium acetate a liquid was obtained which : 

(a)^wus found to contain 62*07% i\ and 10*34% Hj, ; (b) had a vapour den.sity 
of 29; (c) gave positive iodoforip reaction, but did not reduce ammoniacal silver 
nitrate solution. Tdbntify the liquid. . Acetone, ClI,-CO-CHj 

35. An organic compound was found to contain 40% C and 6*6% hydrogen. 
Its vapour density was 15. It restored the colour of Schiff’s reagent and gave on 
oxidation uii acid which evolved CO on being Ireat*^ with cone. H,.S6,. I’he 
original compoipul as well as its oxidation product reduced silver nitrate solu- 
tion. What was th(3 compound. Formaldehyde, HCHO. 

37. An ^)rgariic compound (va])our density 22) w^as found to contain 
64’64% C and 9*09% Hj. It rc.storerl the colour of Schiff’s reagent, and with 
hydro xylamine gave an oxime which* contained 23*3% of nitrogen. On oxidation 
it formed a conjpound of mol. wt. 60. What was the compound ? 

Acetaldehyde, C:H,CH0. 

38. An organic liquid (vapour den.sity 29) wusS found to contain 62*06% C 

and IC‘35% Hj. It gave a positive iodoform reaction, and an oxime with 
hydnixylamine. On reduction it gave an alcohol which on dehydration formed 
an olefine, The olefine gave acetaldehyde and formaldehyde on ozonolysis. 

What was the liquid. Acetone. 


VIII 

39. How is acetic acid prepared? (live its uses. Starling with acetic a(*id 
how w'ould you obtain : acetic anhydride, acetamide, and amino-acetic acid? 

Poona Inter. 

40. How is formic acid prepared in the laboratory. Describe its properlies, 
and ('ompare its chemical behaviour with that of acetic acid. U. P. Board, Inter. 

41. Describe the ‘<iuick vinegar’ proce.ss for making acetic acid. Starting 

from acetic qcid, bow would you obtain : formic acid, acetone, • and methyl 
alcohol? NKvJjmr Inter. 

42. (i) Outline % method for the synthesis of acetic acid. 

(ii) How would you make : (a) formic acid from oxalic acid, (b) oxalic acid 
from formic acid? 

(iii) Mention tests for distinguishing formaldehyde, formic acid and acetic* 
acid. 

43. (i) Explain what happens when acetic acid is treated with : chlorine, 
PCI.,, SOCl, and ethyl alcohol. 

(ii) Starting with acetic acid how would prepare : methane, ethane, and 
ethyl , alcohol ? 

4^ Two organic compoun<ls, A and B, have the same molecular formula 
On treatment with sodium bicarbonate in the cold A remains unchanged, 
while B racts evolving COj. On hydrolysis with aqueous caustic .soda A gives : 
(a) an .alcmiol which does not give iodoform reaction, and (b) a sodium salt 
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of all acid which decolorises warm KMnO^ solution acidified .with dilute 
and evolves CO when treated with oouc. HaSO^. Identify A and B. 

*4, invthyl formate, HCOOOH,, and Ji. nretk' acid, CH,C001l. 

45. An organic liquid, A, was found to contain 52*17% 0 and 13i04% H.. 

It gave a positive iodoform reactitin, and formed an .acid liquid, B, (empirical 
formula, CH^O) on oxidation. A and B reacted in presence of cone. to 

give a liquid, C. C had a frufty smell and contained 54*54% C, 9*1% H„ and 
the rest oxygen. The bol. wt. of G was 88. Identify A, B, and C. 

A, etIn/( alcohnf, ; Ji, acetic acid, GH.,COOH; C. ethylacetntc , 

CH,COOC,H,. 

IX 

46. (a) Ilow is acetyl chloride prepared? What is the action of water, 

ethyl alcohol, and ammonia on acetyl chloride? U. P. Hoard, Inter. 

(b) Show how acetyl chloride is used for the introduction of an acetyl 
.radical, in an organic compound. 

47. How is ethyl acetate prepared in the laboratory? How docs it react 
with : (a) ammonia, (b) sodium and alcohol, (c) methyl alcohol, (d) aqueous 
caustic soda, (d) phosphorus penta chloride? 

48. (i) Describe the action of : (a) aqueous c.austic soda, (b) bromine and 
caustic potash, (c) pliosphoru.s pentoxidc, on the product obtained by heating 
aminoniurn acetate. 

(ii) How is acetic acid converted into : (a) urctamide, (b) acetic anhydritle, 
and (c) acetonitrile, an<l (d) glycine. 

49. 0*180 gm. of an organic compound ga\e 0*264 gm. of CO^ and 0*108 gin. 
II„0. Its vapour density was *30. 

On boiling with NdOlI solution, it gave methyl alcohol .and sodium salt of 
an acid. VVliat is its molecular formula? (rive its stiiictural formul.a and name 
it. , Jiomhaif Inter. Mctlnjl formate, HCOOCHj,. 

v)0. 0*88 gm. of an <irganic liquid gave on analysis 54*54% (* and 9*09% Hj. 

Its mol. wt. was 88. On hydrolysis with aqueous NaOH, ii^ gave : (a) sodium 

salt of an acid wliich on dislillation with joda lime gave methane;* (b) a volatile 
product which gave iodoform reaction, and formed a substance on oxidation 
which reduced Fehling's solution. ’ Hthyl acetate, CJHaCXlOCaH.. 

51. 0*27 gm. of an organic substance gave 0*4023 gm. of (X)^ .and 0*2061 gm^. 

of H ,0 on analysis. 0*24 gm. of the same substance gave 45*6 c.c. of dry 

nitrogen at N.'r.P. Find it.s empirical formula. Hydrolysis of the substunco 

yielded an ammonium salt, while an alkyl cy.anide was formed on heating the * 
siilistance with P..(4.,. Identify the substance. Acetamide, CH.,CONH„. 

52. An organic liquid (mol. wt. 41) contained 58*53% C, 7*31% H.^ .and the 
rest nitrogen. On hydrolysis with hot dilute HjjSO,, it gave a monobasic acid 
whose : (a) silver salt contained 64*67% silver, and (b) ethyl ester bad a vapour 
density of 44. On reduction it gave a monoacid organic base which rea(‘ted with 
nitrous acid, giving ethyl alcoliol .and nitrogen. What was the liquid? 

Methyl cyanide, GHgCN. 

53. A nitrogeneous organic solid contained 40*67% C, and 8*47% H,j. 0*5ft 
gm. of the substance gave .sufficient ammonia by Kjeldahl method to neutralise 
10 c.c. NH.,SO,. On Inalrolysis with hot aqueous alkali, it gave NH,, and a 
salt of an acid wliirh formed methane on being heated with sbda lime. The 
original cofnpound also reacted wdth nitrous acid, evolving ]^.j. Acetamide, 
Cli.CONH,*. 

X 

54. (i) What are fats, oils and waxes? Illustrate with examples. 

(ii) Outline a process for the hydrogenation of oils. Why does butter fat 
gets nincid? 

(iii) What is meant by f).nponification of oils? 

65. (i) What is glycerol ? Tp what class of compounds does it belong ? How 
is it prepared on a large scale? Mention its impoHant uses. Nayjnir Inter. 

(i) How is nitroglycerine prepared? What are its uses? 

XI 

56. Outline the various methods for the preparation of a primary amine. 
How is a primary amine distinguished from a secondary and a tertiary amine. 

Nag'pur Inter. 
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67. (i) Distinguish clearly between: (a) acetamide and methyl amine, (b» 
ammonia and methyl amine, (c) ammonium hydroxide and tetramethyl 
ammonnium hydroxide. 

(ii) yi^hat is carbylamine reaction? Illustrate. 

(iii) Describe the action HNO, on acetamide and ethyl amine. 

58. Outline the processes to prepare : (a) ethyl alcohol from methyl alcohol, 
(b) formic acid from acetic acid, (c) methyl anfine from acetic acid, (d) ethyl 
amine from acetic acid. 

69. An organic liquid, A has the empirical formula C,H,N. It reacts with 
HNOj, evolving and forming a neutral liquid B. B reacts with sodium, giving 
off Hg. and also gives iodqform reaction. A, cthi/l amine, CaH^NKj; B, ethyl 
alcohol, CaHgOH. 

60. An organic compound. A, contained 53*35% C, 15*55% H,. It reacted 
with HNO„ giving an alcohol and N,. The alcohol contained 52*17% C and 13*04% 
Hj, and gave on careful oxidation a compound, B, which restored the colour of 
Schiff’s reagent and also reduced Fehling's solution. What were A and B? ‘ 

A, ethyl amine y CaH^NH^; li, ethyl alcohol ^ CjHaOH. 

XII 

61. What are the sources of oxalic acid? How is it made commercially? 
Describe the action of : (i) heat, (ii) concentrated sulphuric acid, (iii) KMnO^ 
solution acidified with dilute HaSO^, (iv) phosphorus pentachloride, (v) ethyl 
alcohol, on oxalic acid. 

62. What is urea? How is it prepared? What are ita uses? Describe the 

action of : (i) nitrous acid, (ii) nitric acid, (iii) caustic soda and (iv) 
jtodium hypobromito, upon urea. • 

63. (i) How would you prepare : (o) oxalic acid from cane sugar, (b) succinic 

acid from ethyl alcohol, (c) inalonic acid from acetic ^cid, (d) acetic acid from 
nialonic acid. * • 

(ii) What fs biuret reaction? 

(iii) How^ would you estimate the percentage of urea in a sample of urine? 

Kill 


64. (i) What is the source of lactic acid? How is it prepared? Outline the 
synthesis of lactic acid from ethyl alcohol. Describe the action of : (a) heat, (b) 
sulphuric acid, (c) ethyl alcohol, and (d) hydrogen peroxide upon lactic acid. 

(ii^ What is optical activity? Discuss the stereoisomerism of lactic acid. 
Why 18 sour milk lactic acid optically inactive? 

65. Describe the preparation, properties, and uses of tartaric acid. IIow 
would you detect a tartrate and distinguish it from a citrate and an oxalate? 

6. How many tartaric acids are known? How could you account for 
the existence of various forms of tartaric acid? 

67. (i) Outline a synthesis of tartaric acid, starting with ethylene. 

(ii) How would you convert acetic acid into glycolic acid and rice versa. 

Punjab Inter, 

(iii) Outline the preparation of citric acid from lemon juice. 

* XIV 


68. What* are carbohydrates ? How are they classified ? Give illustrations. 

69. How is glucose prepared from : (i) starch, (ii) cane sugar? • Explain its 

reactions with* Fehling’s solution, ammoniacal silver nitrate and hydra*/ine. Are 
these reactions also given by ftuctose? Punjab Inter. 

70. How is cane^ugar extracted from the sugar cane juice? What are the 

actions of : : (a) concentrated HNO„ (b) concentrated HgSO^, and (c) Fehling*s 
solution, on cane sugar? E, Punjab Inter, 

71. (i) What is meant by the inveraion of cane sugar? 

(ii) Suggest tests for distinguishing between glucose, starch, and cane sugar. 

(iii) How is glucose converted into fructose? 

(iv) Indicate the use of phenyl hydrazine as a reagent in the study of 
carbohydrates. 

\ . XV— XVIII 


72a.? 


is the action of : (a) concentrated nitric acid, (b) bromine, (c) 
preaenoe of catalyst, (d) hot concentrated sulphuric acid, on 
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benzene and methane? How would you obtain phenol from any of the reaction 
products? Cdcutta 1959. 

72. What are the important differences between aliphc^^ic and aromatic 
compounds? Illustrate your answer by reference to methane, ethylape and 
benzene. 

73. (i) Describe the separation of benzene from coal tar. How can benzene 

be converted into toluene and Resorcinol? Poona Inter 

(ii) Name the common impurities in coal-tar benzene. How would you 
remove them to get pure benzene? 

74. (i) Outline the steps for the conversion of benzene into toluene, and 
vice versa, 

(ii) Describe the action of chlorine on toluene. * 

(iiij Explain with examples the difference between nuclear and aide-chain 
' derivatives of toluene. 

75. (i) Writes notes on : (a) Fittig’s synthesis, (b) Friedel-Crafts reaction. 

(ii) How would distinguish between chlorotoluene and benzyl chloride, 
both having the molecular formula C,H,C1. 

(iii) Explain what happens when : (a) benzoic acid is heated with soda lime, 
(b) benzyl chloride is heated with alkaline KMnO^ solution, (c) benzotrichloride 
is boiled with milk of lime, (d) benzene is treated with acetyl chloride in presence 
of anhydrous AlClj. 

76. 0’25 gm. of a hydiocarbon gave on analysis 0'837 gm. of CO, and 01965 

gm. of H,0. Its vapour density was 46. On oxidation it yields an acid of the 
formula C,H,0,. The acid gave benzene on distillation with soda lime. What 
was the hydrocarbon? Holuene^ 

77. An aromatic organic licfUid containing 52'2% C, 5*7% H, and tho rest . 
chlorine, gave on oxidatioll with alkaline KMnO^, a monobasic acid which formed 
benzene on being heated wiOi soda lime. What was the liquid ? 

« • Rental cMoridty C.Hj-CHCl,. 

78. An aromatic hydrocarbon A, on treatment with meth^ chloride in 
presence of anhydrous AICI3 gave a hydrocarbon, B, (mol. wt. 92j) containing 
9r3% carbon and tlie rest hydrogen. B oq oxidation gave a monobasic acid, 
which gave back A on heating with sodalime.^ What were A and B? 

Renzehe^ and toluene^ C^H^-CH,. 

79. How is nitrobenzene prepared? Wliat are its uses? What products does « 
it give on reduction under various experimental conditions? 

80. (i) How is aniline prepared in the laboratory? Annamalai Inter, 

(ii) What reactions take place between aniline and (a) sulphuric acid, (b) 
glacial acetic acid, (c) benzoyl chloride, (d) chloroform and alcoholic potash, 
(e) methyl iodide? 

(iii) Give an account of the process of steam distillation, and explain, the 
principles upon which it is based. 

81. (i) Describe the action of nitrous acid upon amines. 

(ii) What are the testa for a primary amine? How would you dLstiuguish 
between primary aliphatic and aromatic amines? 

(iii) How would you conveniently obtain ethyl aiyine from ethyl iodide? 

82. (i) Write notes on : (i) diazo reaction, pb) Sandmeyer*s reaction, (c) carby- 

laminc reaction. , 

(ii) Suggest methods for the introduction of the following radicals : 
OH, NH„ I,* ON, COOH, CH„ NO,, and SO,H, into the benzene nucleus. 

(ill) Outiihe the steps for the conversion of : : (a) benzene int6 aniline, and 
vice versa; (b) phenol into benzene, and lice versa; (c) benzene into benzoic 
acid, and back. 

83. (i) Describe the preparation of acetanilide. What are its uses? How 
would you obtain aniline from acetanilide? How would you prepare to o-nitro- 
anilines from aniline ? 

(ii) How is benzene diazonium ^chloride formed ? , Describe its reaction with : 
hot water, ethyl alcohol, KI, and stani;LOus cmhloride. 

84. An aromatic hydrocarbon, A, on treatment with cone. HNO, gave a 

compound, B, containing 58*5% C, 4*1% H, and 11*4% N,. B on reduction gave 
a monoacid base, C, which gave a carbylamino reaction. What were A, B, 
311(1 c? Benzene, nitrobenzene, and aniline. 
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85. (i) How is phenol isolated from the middle oil fraction of coal tar? How 
can you obtain fram phenol : (a) salicylaldehyde, and (b) o-hydroxy benzoic acid. 

^ E, Punjab Inter*, 

(ii) Compare and contrast ihe chemical properties of : (a) benzyl alcohol and 
phenol, (b) ethyl alcohol and phenol. 

86. Outline the methods for the conversion'' of benzene into phenol. Mention 
the properties, tests and uses of phenol. 

87. (i) How would you separate a mixture of : (a) phenol and aniline, (b) 
phenol and benzoic acid? 

(ii) Write notes on : J^vhotten-Uanmann reaction. 

88. Give an account of the occurrence and preparation of benzaldchyde. 

Compare and contrast its properties with these of acetaldehyde. Mention its 
important uses. K. Punjab Inter. 

89. (i) Outline different methods for obtaining bcnzaldehyde from toluene. 

(ii) By what tests would you distinguish between bcnzaldeliydo and 

acetaldehyde ? 

90. (i) How does benzaldchyde react with: strong caustic alkali, alcoholic 
KCN solution, nitric acid, and ammonia? What happens when berizaldehyde is 
kept exposed to air? 

(ii) Writes notes on Cannizzaro's rciittion. How would you obtain benzene 
from acetophenone? 

91. (i) How is benzoic acid prepared? (-ompare its chemical properties witli 
those of acetic acid. 

(ii) How is befizoyl cliloride prepared? H[o\y does it react with : (a) aniline, 
(b) nhcnol, (<•) sodium benzoate, and (d) ammonia? . 

92. (i) How is salicylic acid prepared? Mention its properties, tests and 

uses. , ■» 

(ii) How Js salicylic acid converted into: (a) oil of wintergreen, (b) aspirin? 

95. (i) Write notes on : (a) Kolbc’s reaction, (b) benzoylation. 

(ii) How would you obtain benzene from salicylic acid and rice verm. 

94. An organic compound (A), CjH^O^, on being heated with sodalime gave 

another compound, B, Both A aad it gave violet colour with ferric cldoridc 
solution. B possessed a strong pheiiolu* odour and contairied 76*60% C, 6*38% 
ajid the rest oxygen, and also gave benzene on distillation with zinc iliist. Whal 
were A and B? Soficjffic acid, CaH,(OH)COOH. and jdicnol, 

95. A nitrogeneous organic compound. A, was found to contain 69*42% (', 

and f/78% 0*121 gm. of the substance gave on bvdrolyjiis with hot aqueous 

alkali ammonia which \v'i‘4S neutralised by 10 c.c. of N/10 tf^SO.. The resulting 
alkaline j-idniion. on being acidified gave a white crystalline precipitate of an acid, 
which funned beii/uio en hoatiiig with sodalime. What was A. 

PenzatnidCy 

96. Attempt a classification foods according to their functions. Explain 
what is meant by the energy value of food. What is meant by a balanced diet? 

98. (i) What methods would you employ to obtain an organic liquid in a 
pure state? How would you test its purity? 

(ii) How would you separate a mixture of two liquids having boiling points 
very near t6 each other? 

(iii) Wl;at is meant by ^extraction with ether' IIow is it employed in the 

purification of organic liquids? , . 

(iv) What are the criteria of purity of an organic substance ? You are given 
two organic componiids, a solid and a volatile liquid. How would you test their 
purity? If impure, what methods would you employ to purify them? 

Patna Inter. 

99. How would vou detect the presence of nitrogen, sulphur, and chlorine in 

an organic compound? Give experimental details. Patna Inter. 

100. Describe methods for the estimati6n of (a) carbon and hydrogen, (b) 
nitrogen, in an organic compound. 

101. (i) How would you conveniently estimate nitrogen in a given fertiliser? 

(ii) How would you infer the presence of oxygen in an organic compound? 
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-crystal 309 

charcoals 319 -active 320 
Charles’ law 64 
chemical change 9, 22 
-combination, law c*/ 75 
chemiluminescence 346 
Chile salt petre 219 
china clay 433 
chloramine process 194 
chlorine 262 
clilorapatite 353 
chlorargyrite 461 
chloride of lime 28 1 
chlorides 390 
chrome alum 488 
-green 487 
-red, etc. 489 
-iron stone 486 
chromite 486 
diromate 488 
chromium 486 
chromyl chloride 489 
chrysoneryl 433 
chryso-colla 433 % 

cinnabar 428 
Clark process 190 
clay 377, 433 . 

clevite 496 

coagulation 150 ✓ 

coal 321 ,i-gas 340 ^ 
cobalt, -glance 482 
cobaltife 482 
cochrome 482 
coinage metal 164 
co-ionic bond 158 
coke 321 

cold flame 355 i 

colemanitc 373 | 

colloids 146 
-protective 150 
combining capacity 26 
-weight 79 

combustion 1 74, 225, 346 
heat of- 142 
reciprocal- 346 
common salt 406 
-ion effect 137 
complex salt 133 
compound 17 
-radical 28 
concrete 418 
reinforced- 418 
constant proportion, law 
of 75 

conservation of mass, law 

12 

-energy 15 
coordinate link 158 
copper, -pyrite, 453 
-glance 453 


-sulphate 459 
copperas 480 
coprolite 353 
coiTosion 476 
corrosive sublimate 431 
corundum 493 
coulomb 124 
covalcncy 157 
cristobalite 378 
crocoisitc 446 
crucible 16 
cry of tin 443 
cryolite 258, 433 
cryoscopic constant 1 1 1 
crystal 32 
crystallisation 52 
water of- 55 
crystalloid 146 
cupellation, cupel 462 
cuprite 453 
cuprum 24 
cyanogen 337 
cyanamide 234 
dative covalcncy 158 
Davy lamp 347 
Dalton’s at. theory 79 
decantation 41 
Deacon process 267 
decomposition 60, 128 
degree ofdissociation ! 19 
deliquescence 57 
delta metal 457 
density 66, 85, 497 
desilvcrisation 448 
detinning 445 
desiccator 58 
deuterium 159 
Dewar flask 177 
Devarda’s alloy 251 
dialysis 147 
diamond 317 
diasporc433 
diaphragm cell 399 
dichromate 488 
diffusion 68 
displacement 60 
dissociation 127 
distillation 47-51, -distruc- 
tive 51 

distilled water 48, 195 
Dippel oil 319 . 

Dobereiner triad 161 
double bond 29 
-decomposition 60 
dolomite 412 
dry ice 325 
Dulong-Pct‘t law 98 
duralumin 437 
duriron 476 
Duplex process 475 
Dutch liquid 334 
dynamite 249 
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earth alkaline 411 
earthen ware 36 
efflorescence 36 
effusion 70 
electric calamine 42 1 
electro chemical sciies 130 
-equivalent 125 
electroplating 129 
-typng 129 
electrode 121 
electrolysis 121 
electrolyte 121, 122 
electrolytic dissociation 
122 

electron 152, 413 
electro valency 1 56 
’ electro valency 156 
-phoresis 150 
osmosis 150 
element 16, 162 
clixer of life 5 
elevation of b.p. 1 12 
emerald 433 
emulsion 47 
emery 437 

empirical formula 502 
enamel 383 ^ 

end« thermic change 15 
energy 15, enzyme 146 
Epsom salt 415 • 
equilibrium constant 116 
chemical — 1 15 
equivalent wt. 90, 126, 
523 

-proportion, law of- 78 
ethylene 333 
etching 262 
cuchlorine 285 
cudiometry 514 
eutectic mixture 47 
evaporation 40 
exothermic change 15 
explosion 346 
extraction 59 
F. Faraday 126 
Faraday’s laws 124 
Fehling’s soln. 457 
felspar 377, 433 
fero-chrome 486 
-manganese 490 
feeri alum 480* 
ferrum 24, fcrnle 478 
festel metal 482 
ferrous sulF>hate 480 
feme chloride 479 
fire clay 384 
-brick 384 
-damp 330 
-extinguisher 325 
fixation of 227 
fixed air 322 
fineness 464, 468 
fixing 465 


filtration 41 
fiame, candle 348 
Bunsen- 350 
flint 378, -glass 381 
floatation &6 
flowers of sulphur 296 
fluorapatite 353 
fiuortne 258 
fluorspar 258, 415 
flux 387, foamite, 325 
formula 24, 28, 502 
fountain expt. 229, 274 
franklinite 421 
Frary metal 449 
Frasch process 296 
Fremy’s salt 259 
freezing point 9, 1 1 1 
-mixture 46 

fractional distillation 49 
-crystallisation 54 
fuel 340, furnace 387 
fuller’s earth 384 
fulminating gold 469 
-silver 465 
-nitric acid 249 
fumjpg sulphuric acid 312 
fusion mixture 408 
galena 446 
•galvanisation 424 
gangue 386 
Gay Lussac law 81 
-tower 309 
gamma rays 160 » 
garnierite 483 
garnet 379 
gas 8, -laws 64 
-constant 65 
-carbon 321, 323 
-lime 343, -sylvestre 322 
electrolytic- 196 
gaseous vol., law of- 81 
gel 148 

german silver 457 
gibbsite 433 
glass 380-383 
etching of 262 
annea’irig of- 383 
Glauber salt 406 • 

glaze 384 
Glover tower 308 
gold 467 

Goldschmidt process 436 
Gosage method 399 
Graham’s law 68 
gram molecule 25, 100 
-atom 97 

gram molecular wt. 25, 100 
-volume 86, 100 
graphite 318 
greenockite 427 
Grignard reaction 332 
grinding 386 
green vitriol 480 


Guignet green 487 
gun metal 457, -cotton 249 
-powder 43, 409 
gypsum 415 
Haber process 232 ♦ 
haematite 470 
halogens 258 
hydracMs 273 
hardness of water 189 
Hardy-Scliultze rule 150 
hardening of steel 475 
hausmannite 490 
nearth 387, 471 
heat of formation 142 
-solution 143 
-neutralisation 143 
heavy hydrogen 159 
-water 156 
-spar 419 
helium 497 
Henry’s law 62 
hepatic water 189 
Hess’s law 143 
heterogeneous body 20 
homogeneous body 20 
Hoopc’^proccss 437 
horn silver 461 
hydrargyrum 24 
hydrate 53 ^ 

hydroxide 39. 390 
hydrolyrsis 61? 134 
hydroniufli ion 9158 
hydrazine 238 
hydrazoic acid 239 
hydroxylamine 237 
hydrolith 182 
hydrocarbon 330 
hydrochloric acid 291 
hydrogen 180 
position of- 171 
occlusion of- 182 
nascent- 183 
atomic- 185 
hydrogenite 185. 
hydronc 187 
hydrogen peroxide 212 
-sulphide 300 
hygroscopic subs. 57 
hyperol214 • 
hypochlorite 265, 281 
high test- 283 * 
iatro chemistry 5 
Iceland' spar 415 
ignition point 347 
indicator 522 
incandescence 346 
indestructibility 
of matter 1 1 
inert gas 495 
Indian red 478, 
intrinsic energy 142 
invar 476 

iodate 287, iodide 280 
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iodometry 271, 315, 538 
iodine 270 
-tincture of 273 
ion 121, jonic theor^ 122 
ionisation 122, 137 
Ironac 476 
iron, -pyritc 470 
passive- 477 
isobar 159 
isotope 158 
isomerism 60, 75 
isomorphism 99 
isotonic solution 110 
ivory black 320 
Jena glass 382 
kainitc 407, 412 
kalium 24 
kaolin 379, 433 
kelp 271, kiln 387 
kiesel^uhr 378 
Uieserite 412 
kinetic theory 67 
kipp’s apparatus 188 
kohinoor 317 
krypton 495 * 

.lamp black 321 
laTiarkite 446 
^ndolt expt. 14 
Juavoisier 1, 6, 224 
lanthanide 164# 

Lane process 187 • 
lapis lazuli 4^0 
'laughing gas 240 
lead, -ochre 446 
-chamber 307 
-tree 449 
white 451 
leadhillite i46 
Lebalnc process 401 
Le Ghatclier principle 1 17 
lignite 32 1 

lime 416, -water 417 
quick-, slaked- 416 
soda- 418, -stone 415 
-light 175 
milk of- 417 
superphosphate of 365 
Hmonitc 470 
Liebig condenser 48 
liquid 8, litipus 522 
lixiviation 60 
liquation 442 
lithopone 420, 525 
litharge 449 
liver of sulphur 299 
lone pair 158 
Lother Meyer curve 167 
Lowig process 406 
Luce Rozan process 462 
Ihminosity of flame 349 
lunat. caustic 466 

413, -alba 414 


mixture 363 
magnelium 413 
magnesite 412 
magnesium 412 
magnetite 470 
malachite 453 
manganite 490 ^ 

manganin 490 * 

manganese 490 
-bronze 490 
marble 415 
marcasite 480 
marsh gas 330 
Marsh’s test 368 
mass, conservation of- 12 
mass action, law of 1 15 
massicot 449 
match 365, malt'r 8, 12 
matlokitc 446 
matle 454, matrix 386 
matte 454 
maxochlor 283 
mechanical mixture 18 
melaconitc 453 
melting point 9 
metal 20, 385 \ 

metallurgy 385 
mctathchis 60 
Mendeleef 162 i* 

mercury 428 
methyl orange 522 
methane 330 
mica 379 * 

microcoSmic salt 362, 378 
milk of lime 417 
-sulphur 298 
milleiite 483 
Millon’s base 431 


law of 77 

N. Avogadro number 87, 

10 

nascent state, 183 
natural gas 330 
natron 395, natrium 24 
Nelson cell 399 
neon 497 

Nessler reagent 431 
neutralisation 131, 521 
neutron 153 
niccolite 483 
nichrome 487 
nickel, -bloom 483 
-glance, -carbonyl 483 
nitrates 391 
nitre 407, 409 
...-cake 253, -oven 308 
nitriding 475 
nitrites 246 
nitric oxide 241 
nitric acid 248 
nitrous oxide 240 
nitrosyl chloride 252 
nitrogen 219 
-cycle 227 
hieation of 227 
nitrolim 220, 234 
‘Nobel’s oil^249 
nomenclature 29 
non-metal 20 
normal density 66 
-solution 523 
temp, and pr. 66 
normality 525 
nucleus 153 
octave, law of 162 
occlusion 182 


mixture 18 
mineral 385 
minium 449 
mitsch metal 476 
Mitschlerich law 99 
mispickel 366 
mixed crystal 99 
Mohr salt 480 
Moh*s_ scale of hardness 
318 

mole 100 

molar volume 86, 88 
molar solution 525 
-gas constant 65 
molecule 22, 83 
molecular formula 502 
Mond gas 344, -process 483 
monel metal 457, 483 
monazite 497 
mortar 45, 417 * 

mosaic gold 445 
mother liquor 55 
muffle 387, 401 
multiple proportion, 


oil gas 344, ochre 478 
oil of vitriol 307 
oil floatation 386, 454 
olehnat gas 333 
oleum 307, 312 
olevinc 412 
opal 378 

open hearth process 474 
orpiment 366 
orthoclasc 407, 433 
ore 385, -dressing 386 
osmotic pressure 108 
Ostwald procfsa 253 
overgrowth crystal 99 
oxidation 207 
oxidising agent 209 
oxide 175, 390 
types of- 175, 176 
oxy-slfcetylene blowpipe 175 
-hydrogen blowpipe 175 
oxygen 172, 224 
oxone 398, ozone 202 
ozonide204 ... 

Parkes process 462 
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paraffin 332 
partial pressure 66 
parting 463 
passivity 477 
Pattinson process 461 
pearl ash 408 
peat 321 
pentlandite 483 
perhydrol 213 
peroxide 176 
perchloron 283 
permutit 192 
periodic law 162 
-classiBcation 162 
permanganate 493 
pewter 443, 449 
phenolphthalein 522 
phlogiston 6 
Pharaoh serpent 1 1 
philosopher’s wool 42 1 • 
-stone 5 
phosgne 328 
phosphine 357 
phosphate 361 
photography 464 
phosphor bronze 457 
phosphorescence 355 < 

physical change 9, 22 
phosphorctted hydrogen 
357 • 

phosphorite 353 
phosphorus 353 
allotrophy of- 355 
-dihydride 355 
-oxychloride 360 
photosynthesis 325 
pink salt 445 
pig iron 472 
pitchblende 160 
plaster of Paris 419 
platnerite 446 
platinitc 476 
plumbum 24 
plumbago 318 
poling 442, 455 
polybasic, -protic 132 
-oxide 176 
-morphism 207 
-halite 407 
porcelain 383, 
position of^^drogen 171 
positive rays 151 
positron 153 
pot ash 407 
.potash 408 
-alum 439 
-felspar 407 
potassium 407 
-bromide 279 
-chlorate 284 
cyanide 409 
-iodide 280 


-dichromate 489 
-permanganate 493 
-perchlorate 285 
-ferrocyanide 481 
-ferricyanide 481 
pottery 383, proton 152 
Precht process 408 
prodheer gas 343 
precipitation 61 
Prussian blue 481 
promoter 146 
proportion, equivalent 78 
fixed -75, multiple -77 
Prout hypothesis 6 
puddling process 472 
purple of Cassias 468 
pyrargyritc 461 
pyromorphite 446 
pyrolusite 490 
pyrene 346 
pyrex glass 382 
pyrite, copper 453, iron- 
470 

pyrogallate 175 
quartation 468 
quartz 378, -glass 379 
quick lime 416 
jf -silver 429 
•/adical 28 
radioactivity 160 
artificial 161 
Raoult’s law 1 10 
rare gas 495 • 

-earth 164 • 

real gar 366 
reciprocal proportion, 
law of- 78 
red copper ore 433 
lead 449, -ochre 478 
-zinc ore 421 
-haematite 470 
-prussiate of potash 481 
redox equation 540 
reduction 208, 386 
reducing agent 209 
Reinsh test 367 
relative density 85, 498 
retort 48 • 

reverberatory furnace 387 
reversible reaction 114 
respiration 223 
Rinman green 424 
ring test 251 
rock crystal 379 
-salt 406 
roll sulphur 296 
roasting 386 
Rose nfetal .370 
rough 478, rust 476 
ruby 433, 437 
Saffioni 374 
safety lamp 347 


sal ammoniac 236 
-volatile 237 
salt 37, 132 
types of- 38, 132 
double- 133 • 

complex- 133 
comnion 406 
saltpetre 219, 409 
salt cake 401 
sand 378 
sapphire 433 
^atin spar 419 
sajimati 395 
saturated solution 44 
Schcele’s green 368 
schonite ^)9 
seawater 189 
sedimentation 41 
Seltzer water 189 
sclf-rcduction 388, .447, 455 
semi-polar bond 157 
permeable membrane 108 
separating funnel 47 
Scrpcck process 435 
serpentine 412 
sherardiNing 424 
sidcrite 470 
silica 378 
-glass, -gel 379 
-garden 380 
silicate 379 * 
silicol process 1S5 
silicon 376 
-dioxide 378 
-bronze 457 

silent electric discharge 

202 

Siemens' ozoniser 202 
silver, -glance 461 
-copper glance 461 
-nitrate, -coin 466 
-mirror, -plating 464 
slag 387, 472 
basic- 474 
smalt 482 
smaltite 482, 483 
smelting 386 
smithsonite 42 1 
soda, caustic 398 
-lime 418 
washing- 40f 
-ash 401, 405 
sodani4de 395 
soda crystals 401 
concentrated- 405 
sodium 395 
-amalgam 397 
-cyanide 410 
-peroxide 397 
-hydroxide 398 
-carbonate 400 ' ) 

-cobaltinitrite 483 



-thiosulphate 314 
I0l<ler443, 449 
solid ^ sol 147 
solubility 44 
-curve 46 
-product 137 
solvent, solute 40 
solution 40, 44 
Solvay process 402 
sombrerite 353 


soot 316, 321 
Sorel cement 415 


spathic iron ore 470 
spathose 470 
specific gravity 498 
spelss coDalt 482 
spelter 422 
spent iron oxide 343 
-lime 343 
spinel 433 

spiegeleisen 474, 490 
spitting of silver 464 
stalactite 191 
st^mite 191 
sUndard soln. 523 « 
'.sqmnum 24 
> st^nous chloride 444 
sJnnic chloride 444 
Tfannitc 444 
' Stassfurt deposit 407 
steam oven 58 « 

^stcel 473 • 

varieties of- 475, 476 
high speed tool- 476 
» stainless- 476 
stellite 482 
stibine, stibnite 369 
stibium 24 


^chiometry, laws of 75 
»'«j«meycrite 461 
strontianite 419 
strontium 419 
structural formula 28 
sugar charcoal 319 
-of lead 449 
mbytes 329 
sdphides 392 
sumimation 51 


suspension 47 
superphosphate 365 
sulphur, roll- 295 
flowers of- 295 
alltropy of- 295, 298 
-dioxide 303 
-trioxide 307 ^ 

sulphuretted hydrogen 300 
sulphuryl chloride 314 
syKine 263 
symbol 24 
> synthesis 60 
sympathetic ink 54, 482 
talc 379, 412 
tantiron 476 
tar, wood- 319 
coal- 342 
tartar emetic 370 
tempering 475 
tenor! te 453 
tetramethyl base 205 
Thenard blue 440 
thermit 436 
thermochemistry 142 
thionyl chloride 306 
Thomas slag 474 \ 

-Gilchrist process 474 
tin, -stone, 441 
.•plague, -plate 443 
tinning 443 
lineal 373 
tincture 41 
titration 522 
topaz 433 
tourmaline 433 
transition temp. 297 
-element 163 
transmutation 5 
trona 395, -art-ficial 161 
tridymite 378 
tritium 158 
tuyeres 47 1 
Turnbull blue 481 
turquoise 433 
Tyndall effect 149 
type metal 369, 449 
ulexite 373 
unsaturated soln. 44 


valency 26, 156 
vapour density 85, 1 
abnormal- 118 
vaporisation 9 
Venetian red 478 j 

Vermillion 432 I 

Victor Meyer method ] 
vitreosil 379 
vivianitc 383 
vitriol, blue- 459 
green- 480 
oil of- 307 
white- 425 
voltameter 1 1 
volume strength 216 
atomic- 167 
vycor 379 

washing soda 401, 405 
wash bottle 49 
water 188, -bath 40 
electrolysis of- 1 1 
natural- 188 
hard and soft- 189 
drinking- 194 
-softening 190 
"water gas 185, 343 
«emi- 344 
^ wavelitc 353 
•Veatherine of rocks 226 
Weldon process 266 
white lead 451 
-vitriol 425 
-arsenic 367 
willemite 214 
witheritc 419 
wolfram 24 
wolframite 441 
Wood’s metal 427 
wrought iron 472 
wulfenitc 446 
xenon 495 
y-alloy 437 

yellow ammonium sulphi 
phide 237 

-prussiate of potash 48 J 
zeolite 192 
zinc, -blende 42 1 
zincite 421 






